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Preface

Is evolution a theory, a system or a hypothesis? It is much more: it is
a general condition to which all theories, all hypotheses, all systems
must bow and which they must satisfy henceforward if they are to be
thinkable and true. Evolution is a light illuminating all facts, a curve
that all lines must follow. (Teilhard de Chardin, 2008, p. 219)

This book is not a sequel to my The memetics of music (Jan, 2007); if anything,
it is a prequel. I wrote The memetics of music because 1 was interested in
understanding how Darwinism might operate within music, both as process
and as product. That is, I tried to consider how a Darwinian perspective
might help us to see musical works as the products of myriad replicating
particles that can be understood in terms of Richard Dawkins’ concept of the
meme (Dawkins, 1989); and I tried to frame the various processes attendant
upon the generation of music and its cultural-evolutionary change as being
motivated by the variation, replication and selection of memes. In this sense,
I attempted to develop a model of music that understood it as governed by
mechanisms equivalent to those that also operate, on larger scales, in other

realms, most notably biology.

In the present book, my field of reference is somewhat wider — indeed, the
book covers some topics I deemed outside the scope of The memetics of music
— although a return visit is made unapologetically to memetics, most signific-
antly in Chapter 3, in order to continue to advocate its merits, to consider
recent developments in the field, and to integrate it into the broader context
of this study. In a nutshell, I try to consider here all the various ways in which
music might relate to, or be amenable to understanding in terms of, Dar-
win’s theory of evolution, in order to see the wider connections between the
natural and the cultural. Broadly speaking, this includes seeing music and
musicality (human and non-human) in the context of evolutionary theory

— music in evolution — as a counterpoint to seeing (in the way that memetics
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does) evolutionary theory operating in the context of music — evolution in

music.

The “Universal Darwinism” hypothesised by Dawkins (1983b) and Plotkin
(1995) — that is, the extension of Darwinism to realms beyond the biological
(8§1.5) —is fortified by incorporating music because the reach of Darwinism
can, this book argues, readily be demonstrated in a central realm of human
culture. Similarly, our understanding of music is deepened by incorporating
evolutionary theory because many questions concerning music’s nature can
only be fully answered by considering how and why it arose in our species
and why it is such a defining attribute of seemingly all human cultures.
As the only truly “Universal Acid” (Dennett, 1995, p. 63), Darwinism has
the disconcerting tendency to dissolve the boundaries between different
phenomena and processes in the world, making music melt into the wider
unity of a universe governed by the operation of evolutionary laws and

processes.

It is tempting to use the term “evolutionary musicology” (Wallin et al., 2000)
to encompass these concerns, provided the second word is not understood
too restrictively, and provided that the balance of power between the sci-
entific and the artistic dimensions implicit in the term — C. P. Snow’s “two
cultures” (1964) — is broadly equitable. Nevertheless, the way this discipline
developed in its initial phase has indeed often privileged the biological di-
mension over the socio-cultural, to the detriment of a fuller understanding
of both.? By taking the synergistic perspective inherent in evolutionary musi-
cology seriously, both domains may be enriched. Indeed, impelled by Wallin
(1991) and significantly consolidated by Wallin et al. (2000), a number of
recent books have appeared that to some extent balance the scientific and
the artistic, including Patel (2008), Fitch (2010), Changizi (2011), Bannan
(2012), Schulkin (2013), Honing (2018b) and Spitzer (2021), not to mention
several dozen articles. This book attempts to continue this tradition, perhaps
ranging more widely than some of its predecessors by covering certain less
well explored areas where music and evolution intersect.

2 Apropos Snow’s scientific-artistic dualism, it should be stressed that the socio-cultural
dimension is not wholly analogous to the artistic, for it is itself amenable to understanding using
the scientific method.
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Building on ideas proposed by Darwin and others over a century ago, one
factor in the growth of evolutionary musicology over the last twenty years
has been its insistence that only an interdisciplinary perspective can unpick
the complex relationships between music and human nature. Thus, it brings
together a range of interlocking disciplines — evolutionary biology, genetics,
neuroscience, psychology, archaeomusicology, memetics, zoomusicology
and computational creativity — that, in conjunction, afford compelling evid-
ence that music is not a frivolous diversion but something central to our
nature and our existence. Indeed, one of the hard claims of evolutionary
musicology, and one that I hope comes across strongly in this book, is that
antecedents of what we now term “music” helped to drive the evolution of
primate vocalisations in ways that underpinned the development of human
sociality, language and complex thought: music shaped our societies (and
thus our history), it nourished our languages and, most importantly, it struc-
tured our minds. Thus, music may be, as Cross (1999) asserts, “the most
important thing we ever did”: we have survived and prospered on earth in

large part because of the phenomenon of musicality.

From the foregoing it will be clear that the methodology of the book is
broadly synoptic, taxonomic, integrative and comparative. This arguably
represents the best approach for organising an account of the contributions
to the evolutionary understanding of musicality and music afforded by the
disciplines listed above, but also for highlighting their overlaps, common con-
cerns and synergies. This is particularly important given that, in many cases,
two or more disciplines may often consider the same issue from different
standpoints, doing so by means of different vocabularies and methodologies.
A synoptic approach also helps to highlight directions for future research,
particularly interdisciplinary work. I try to be as scrupulous as possible
in referencing the different disciplinary ingredients before mixing them to-
gether synergystically, not least in order to allow the reader to follow them up
systematically. At times, however, the tone becomes more speculative and,
because it is in the nature of many of the ideas considered here that concrete
evidence is difficult to find, it follows that such speculations must remain
open to future research to verify, or falsify, them. While the book is designed
to be accessible to an intelligent general reader, its main constituencies are

musicians interested in how scientific ideas can illuminate our understanding
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of music; and, perhaps to a lesser extent, scientists interested in how music

can exemplify, and help expand, their theories.

Structurally, the book reviews a sequence of interconnected topics in an or-
dering that is a mixture of the chronological and the conceptual. Chapter 1
outlines the key tenets of evolutionary theory needed to contextualise the
rest of the book, focusing particularly on the extensions of Darwin’s theory to
other domains that have proved fruitful in recent decades, and on which un-
derstanding of the ideas presented in subsequent chapters depends. Chapter
2 considers the evolution of human musicality, attempting to understand the
role music played in shaping our morphological and cognitive development.
Chapter 3 turns to cultural evolution, considering the mechanisms by which
the same basic human design plan can have given rise to the rich diversity
and complexity of human musics and how cultural evolution and biological
evolution interact. Chapter 4 serves in part as a corollary to Chapter 3 in
taking a memetic view, not in relation to music itself, but in regard to the
discourses surrounding it. Again, a coevolutionary perspective attempts to
relate cultural evolution within music to cultural evolution in music-scholarly
discourse. Chapter 5 moves the focus partly away from human music, at-
tempting to understand certain animal vocalisations as proto-musical and
proto-linguistic, and conceiving them as supporting evidence for the account
of human musical/linguistic development offered in Chapter 2. Chapter 6,
like Chapter 5, also turns away from human music to consider that generated
by computers, this body of Al-generated music posing profound challenges
to our understandings of musicality and music. Chapter 7 turns to the thorny
question of consciousness, in an attempt to connect it to aspects of the fore-
going discussion of music. This is not in order to offer any novel solutions
to what is arguably the most intractable of all intellectual problems (spoiler
alert: I do not solve the “hard problem” of consciousness). Rather, it attempts
to relate the mechanism for the operation of consciousness hypothesised in
certain theories (most notably that of Dennett) to the wider perspective on
music developed here, in order to reinforce the book’s overarching narrative

of the power of Universal Darwinism.

Having previewed these chapters, it is important to stress that each one
of them could have been expanded into a book-length study in its own
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right — indeed, some other studies, including those cited in the paragraph
above discussing evolutionary musicology, attempt this, wholly or in part —
such is the breadth and depth of the topics covered and the vitality of the
research associated with them. From this, it follows that the book — like most
others tackling such weighty subjects — is necessarily constrained, and thus
several interesting topics have not found their way into it, or have had their
discussion curtailed. Examples of the former include formal mathematical
models of replicator transmission and the learned song of animals other
than the bird and cetacean species considered in Chapter 5; examples of
the latter include the narrative of human evolution sketched in Chapter 2,
the overviews of music-scholarly literature offered in Chapter 4, and the
discussion of consciousness in Chapter 7, to name only a handful.

As will be evident from the foregoing, one important theme running, in
various ways, throughout the book, is the relationship between music and
language. As a “book within a book”, it is dealt with in each of Chapters 2-7
from various perspectives. Whenever it is discussed, I aim to make the point
that the sound patterns of music and those of language are not so dissim-
ilar as to warrant entirely separate consideration; and that the way they are
implemented in the brain helps us, in conjunction with other evidence, to
reconstruct their evolutionary history and to understand how patterning in
both domains acquires syntactic structure and semantic content. In short,
because the sounds of music and those of language are in many ways similar
phonologically and so tightly connected physiologically and neurobiologic-
ally, it is highly likely that they are closely related evolutionarily, even though
their subsequent bifurcation — in relation to their common “musilinguistic”
ancestor (§2.7.2) — has to some extent obscured their commonalities.

Most of the music examples in this book are drawn from works of the
European common-practice period. With this focus inevitably comes a
concentration on male-composed musics. This is not in any way to imply that
the ideas presented here relate only to this repertoire, or to this sex. Rather,
this is simply the music with which I (and, I imagine, many of my readers)
will be most familiar. Were I a proper ethnomusicologist, I would have
drawn from a range of non-European musics, so there is nothing here that is
intrinsically Eurocentric. Indeed, the ideas expressed in this book would be
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very much diminished if they were only applicable to a narrow historical
and geographical sample of music rather than, as is maintained here, the
broad sweep of human cultures. I therefore attempt to stress throughout the
universality of the processes underpinning human musicality and music,
even though their products are richly diverse.

Steven Jan
Didsbury, Manchester, 27th November 2022.
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Note on Symbols

The analytical overlay-symbology for identifying musemes in those figures
that contain musical score-extracts is that employed in Jan (2007, pp. 49-51,
Fig. 3.1). Pitch designations in the text use Helmholtz notation, where the
pitches two octaves below, one octave below and one octave above “middle” C
(= ct) are, respectively, C, c and c. Non-register-specific pitches are referred
to using capital letters (“C”).

Chord symbols in the text are generally given in “upper-case” Roman nu-
merals (e.g., I, II, VI, etc.), except where a distinction is necessary between
chord-forms in the major and those in the minor modes (e.g., [ versus i, vi
versus VI, etc.). Alternative forms of triads on the same root are indicated
by a vertical line (e.g., Ili (the tonic chords in the major or the minor), etc.).
Diminished and augmented triads are, where necessary, identified by post-
pended symbols (e.g., viio (a diminished triad on the seventh scale degree
in the major), IIl+ (an augmented triad on the third scale degree in the
(harmonic) minor), etc.). No attempt is made to specify the nature (major,
minor, etc.) of a seventh used in connection with a Roman numeral (e.g.,
I7 (a major seventh over a tonic-major chord), viiz (a minor seventh over a
leading-note diminished chord in the major), etc.). Chord symbols separ-
ated by a forward-slash usually indicate “secondary-dominant” relationships
(e.g., V/V (the dominant (= Hgﬁ) of the dominant), etc.). As in the previous
example, figured-bass symbols are occasionally used to clarify chord content
and inversion (e.g., I8 (a tonic chord in second inversion), \& (a dominant
seventh chord in first inversion), etc.). Scale degrees are indicated using
careted Arabic numerals (e.g., 5,3-2-1, etc.).

While the book is intended to be read in sequence, cross-references (indicated
by “§”) connect sections where the same or a related topic is covered, allowing
the reader to follow a particular thematic “thread” through the book.






1. Introduction:

Music and Darwinism

. a beautifully simple and easily understood idea ... evolution by
natural selection .... is one of the most powerful ideas in all areas of
science, and is the only theory that can seriously claim to unify biology. It
can give meaning to facts from the invisible world in a drop of rain water,
or from the many colored delights of a botanic garden, to thundering
herds of big game.... As Theodosius Dobzhansky, one of the twentieth
century’s most eminent evolutionary biologists, remarked in an often
quoted but scarcely exaggerated phrase, ‘nothing in biology makes sense
except in the light of evolution’. (Ridley, 2004, p. 4; see also Dobzhansky,
1973)

1.1 Prologue: What Can Evolution Tell Us about
Music, and What Can Music Tell Us about

Evolution?

Two questions motivate this book. The first is: “what can evolution tell us
about music?” The second is its inversion: “what can music tell us about evol-
ution?” The following subsections expand upon these questions, allowing
us to understand the implications of the book’s title, Music in evolution and
evolution in music, and to see the two phenomena — one a universal process,
the other an ostensibly human-specific art-form — as intimately connected
and reciprocally illuminating. In pursuing answers to these questions, the
book will attempt, in Ridley’s phrase, to “give meaning to facts” about music
using the unifying power of the theory of evolution (2004, p. 4).
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2 Music in Evolution and Evolution in Music

1.1.1 What Can Evolution Tell Us about Music?

I begin with the proviso that, when discussing “evolution” in this book,
I am, unless otherwise stated, referring to Darwin’s theory of evolution by
natural selection. This will be defined more formally in §1.5.1. As will be
discussed in §1.8, other theories of evolution have been developed, but these
will not figure extensively here. At first thought, evolution might seem to
bear little relation to most people’s experience and understanding of music.
To the teenager absorbed in the sounds emanating from her headphones, the
child haltingly learning his first notes on the clarinet, or the retired person
guiltily dividing her attention between the Beethoven symphony playing
in the concert hall and the text message from her granddaughter, evolution
— insofar as these individuals may apprehend the details of the theory —is
probably something they see as quite separate from their varied experiences
of music. These cultural stereotypes aside, however, I contend that evolution
can shed a powerful light on music and, as explained in §1.2, it is the aim of
this book to show how and why this is the case. The illumination of music

by evolutionary theory works in two main ways.

Firstly, evolutionary theory can help us to understand how we came, as a spe-
cies, to be so musical. No other organism on earth is so adept at manipulating
sounds in such dazzlingly complex ways and so relentless in making them
bear such an intense weight of emotion and meaning — to borrow Meyer’s
(1956) phrase — as Homo sapiens. While there are certainly species who are
talented sound-makers/vocalisers (§5.4.1, §5.4.2), their apparent lack of a
(human-like) consciousness (insofar as we can know this) precludes their
“music” —if this is how one chooses to perceive and conceive it — from having
the intentionality and the personal and group significance of human music.
By regarding musicality — the morphology and propensity to make sounds
that can be regarded by others as music/musical — as a biological attribute,
it is possible to trace its development in the human lineage, a development
that involved both physical and mental changes. These changes include
modifications to the body that enabled (vocal) sound production; and devel-
opments of the brain that enabled perception and cognition of such sounds
as constituting what we came to regard (whatever conceptual vocabulary

we used ) as music.
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Of course, seeing musicality in this way involves regarding it as an adaptation
— as something that made some contribution, alone or in conjunction with
other competences, to the survival of individuals, groups and, ultimately,
Homo sapiens as a species (§2.5). Some adaptationist accounts see musical-
ity as fostering the group coordination (physical and in terms of common
purpose) necessary for overcoming intra-group rivalries and extra-group
threats. Others see music as a sexually selected factor in female mate-choice,
being used for extravagant male displays of health, intelligence and rhythmic
co-ordination. Others see it in terms of the communicative rituals that enable
mothers and their infants to bond. Still others — and these explanations are
not mutually exclusive — consider it in conjunction with language, arguing
that not much separated early “music” and early “language” (§2.7). As
organised, “communicative” vocalisations produced by the same sound-
producing organs and controlled by many similar brain regions (§2.7.7),
music and language are increasingly seen as two sides of the same evol-
utionary coin and so cannot be understood in isolation: music is broadly
communicative, certainly of affect; and language has many musical features,
certainly in terms of prosody and rhythm. All of these adaptationist accounts

have merit, and will be discussed and evaluated in Chapter 2.

Secondly, evolutionary theory can help us to understand how musics them-
selves came to be as they are — to understand why there are so many different
musical cultures in the world, and how they have reached their present
states. Extensively documented by ethnomusicology and historical musico-
logy, different musical forms, genres and styles have come and gone over the
course of recorded history and even though the post-Renaissance western
developmental model of constant striving for progress is far from univer-
sal or normative, it is reasonable to infer (even in conservative traditions)
that gradual, continual change is the norm in most if not all musical cul-
tures. It is important to understand that such change is not the result of
biological evolution, because the period of known human musics — roughly
that of the last two millennia — is far too short for significant music-affecting
biological-evolutionary change to have occurred in our species. As Harari

argues,

[t]he large societies found in some other species, such as ants and bees,

are stable and resilient because most of the information needed to sustain
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them is encoded in the genome. A female honeybee larva can, for ex-
ample, grow up to be either a queen or a worker, depending on what food
it is fed. Its DNA programmes the necessary behaviours for whatever
role it will fulfil in life. Hives can be very complex social structures, con-
taining many different kinds of workers, such as harvesters, nurses and
cleaners. But so far researchers have failed to locate lawyer bees. Bees
don’t need lawyers because there is no danger that they might forget
or violate the hive constitution. The queen does not cheat the cleaner
bees of their food, and they never go on strike demanding higher wages.
(Harari, 2014, pp. 119-120)

Harari’s point is that several animal societies are entirely and self-sufficiently
regulated by their genes: the structure of apian social relations could change
at some point in the future — perhaps moving from a monarchical system
to a Roman-Republic-style two-consul-bee system — but only as a result of
biological evolution in response to some selection pressure.> Humans, by
contrast, create “imagined orders” (Harari, 2014, pp. 113-118) — virtual mod-
els of the world, descriptive and prescriptive, that often bear little connection
to the biological imperatives of our DNA. Most such imagined orders define
socio-political, economic or religious structures, such as the Roman Repub-
lic, communism or Christianity. For Harari, the growth of state-supported
market capitalism went hand in hand with the growth of individualism
(sometimes discussed under the rubric of “bourgeois subjectivity” (Pippin,
2005, p. 12; see also McClary, 1994)); but this was not an easy alliance, for

[t]he deal between states, markets and individuals is an uneasy one.... it
breaches countless generations of human social arrangements. Millions
of years of evolution have designed us to live and think as community
members. Within a mere two centuries we have become alienated in-
dividuals. Nothing testifies better to the awesome power of culture [to

overcome/circumvent biological evolution]. (Harari, 2014, p. 360)

Another imagined order, perhaps more properly a durable sub-order com-
mon to numerous imagined orders, is a musical culture — the idea of a valued
(canonic, perhaps) body of sound-manipulation practices and their resultant
sound-objects. As will be clear from Harari’s account, the key feature of

3 See Grimaldi and Engel (2005, p. 408) for a discussion of the “haplodiploid” genetic basis
of such “social” insects as bees, wasps and ants (all of the order Hymenoptera). A move to a
two-consul system would require a significant change in bees’ genetic code.
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this and other imagined orders is that it is a cultural rather than a biological
(genetic) fact. As such, it is highly mutable, changing at rates many times
faster than the “parent” genetic evolution and often doing so in ways that
do not align with the “interests” — the survival imperatives — of the genes.

To understand this dichotomy — and to support the claim above that “evolu-
tionary theory can help us to understand how musics themselves came to be
as they are” — we need to invoke the concept of the replicator. A fundamental
concept in evolutionary theory, a replicator, as its name implies, is a small
particle with the remarkable property of being able to cause copies of itself to
be made. From such seemingly unpromising beginnings, “systems of great
complexity” can arise (Dawkins, 1989, p. 322). In biology, genes are the
fundamental replicator, and they have given rise to the dizzying variety and
richness of the natural world. To account for musical culture we require not
one replicator system (genes, plus their replication-fostering adjuncts), but
two. As Chapter 3 argues, that second replicator system might be understood
in terms of the meme concept developed by Dawkins (1989). This argues
that there exist replicated particles in culture, memes, that function as the
equivalent of the gene. Without this second, cultural, replicator system, it is

virtually impossible to explain the rich imagined order of human musics.

1.1.2 What Can Music Tell Us about Evolution?

Having outlined briefly how music might be illuminated by an evolutionary
perspective on its production, structure and reception, it would appear that
evolutionary theory can, conversely, draw fruitfully on and be evidenced
by what is known of musicality and music. This is because the origin of
this most singular of human competences, in both its biological and cultural
dimensions, poses significant challenges to scientific understanding. Specific-
ally, the evolution of the substrates for musicality and music — morphological,
neurobiological and psychological — was associated with significant changes
in the design of our species, modifications that the chimpanzee line, our
closest evolutionary relative, did not undergo. Whether one takes musicality
and music (and, indeed, the related capacity for language) as the cause or
the effect of these adaptive changes (§2.1) —and the reality may not have been
either/or — attempting to reconstruct and explain their markers in the human
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fossil record and in the behaviour of ourselves and our closest evolutionary
relatives offers a reasonably coherent body of evidence upon which evolu-
tionary theory can develop and test its wider claims. More dramatically, this
central attribute of humanity throws down a gauntlet to evolutionary theory.

Indeed, for Cross (1999), music may be “the most important thing we ever
did”. He believes that, far from being cost-heavy and benefit-light — a “pleas-
ure technology” amounting to mere “auditory cheesecake”, in Pinker’s dis-
missive view (1997, pp. 528, 534) (§2.2, §2.5) — music was key to our en-
durance on and domination of this planet: it shaped our species physically,
cognitively and socially in ways that maximised our survival chances. He
argues that

‘music” as an identifiable human pursuit, emerges from its develop-
mental precursors as a distinct and socially-conditioned activity in the
particular processes of human evolution that gave rise to Homo sapiens . ....
Music is integrally bound up with those processes, and can be considered
to have been either evolutionarily adaptive or what Stephen Jay Gould
would term ‘exaptive’. In other words, music propels the development,
and propelled the evolution, of mind by enabling consequence-free rep-
resentational redescrip’tion4 across domains; music also facilitates the
development, and facilitated the evolution, of social behaviours by en-
abling risk-free action and risky interaction. At the very least it may have
contributed to the emergence of one of our most distinguishing features,
our cognitive flexibility; at most, it may have been the single most im-
portant factor enabling the capacities of representational redescription
to evolve. (Cross, 1999, pp. 33-34)

Returning to the capacity of music to illuminate evolutionary theory, for
those who advocate the extension of orthodox Darwinism to culture — the
“neo-Darwinians” or “Universal Darwinians” (Dawkins, 1983b), most of
whom would also advocate a memetic perspective — human music offers a
rich resource for the study of cultural replicators and the evolutionary pro-
cesses they impel. Although some biologists reject the claims of memetics, it
offers evidence in support of Darwinism that is arguably more direct, more

4 A term of Karmiloff-Smith’s, this is the process whereby, during child development, and in
knowledge building generally, implicit, domain-specific knowledge becomes explicit, domain-
general (Cross, 1999, pp. 15-16; Karmiloff-Smith, 1992, pp. 15-16).
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tractable, and more readily accessible than that available to biology. While
the computer simulation of biological evolution can “accelerate” the process
and make it more tangible — the same is true for simulations of language-
cultural and music-cultural evolution (Chapter 6) — cultural evolution is
already intrinsically many orders of magnitude faster than biological evol-
ution. Thus, the processes and artefacts of musical culture (and those of
other realms of culture) are sufficiently tangible, diverse and robust to mo-
tivate an evolutionary explanation and serve as evidence for multi-domain
evolutionary hypotheses.

1.2 Aims, Claims, Objectives and Structure

Given the above points, necessarily expounded at some length, I am now in a
position to outline more formally what this book is about and what it intends
to cover. Stated systematically, its aims, claims, objectives and structure are
as follows.

1.2.1 Aims

The principal aims of this book are as follows:

e To demonstrate the operation of the “evolutionary algorithm” in the origin
and development of human musicality — that is, to situate music in evolution
and so to understand it as a suite of competences humans acquired in response
to various selection pressures that afforded us a survival advantage over our
competitors.

e To demonstrate the operation of the evolutionary algorithm (or, as I generally
term it, the “Variation-Replication-Selection” (VRS) algorithm, explained in
§1.5.1) in the development of musical style and structure itself — that is, to show

the workings of evolution in music.

o To show the integration and continuity of music in evolution with evolution
in music, and thereby to argue for the broad validity of the evolutionary algo-
rithm in shaping musicality and music within a broader biological-naturalistic
context.
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1.2.2 Claims

The principal claims of this book are as follows:

e That music was intrinsic to the evolution and survival of Homo sapiens in its
shaping of our morphology and cognition, its fostering of the development of
language (as the impeller of a “protomusic-protolanguage”), and its mediation
of our social interactions; and that similar organised-sound-related processes,

at a less advanced stage of development, are at work in other species.

e That music, as process and product, cannot be understood in isolation from
the biological processes that shaped the musicality that engenders it and that

shapes its development.

e That music as process and product itself internalises evolutionary mechan-
isms and so affords a microcosm of the algorithms that paved the way for its

existence.

e That music has been understood by means of discourses that, as a subset of
culture more generally, also manifest evolutionary change. This coevolution
of music and discourse-about-music is a rich field for cultural-evolutionary

analysis.

e That music is a particularly powerful manifestation of a kind of “Darwinism-
as-consciousness”, whereby the millisecond-level processes underpinning the
awareness and decision-making intrinsic to human consciousness are mirrored,

at a somewhat slower pace, in musical cultures.

1.2.3 Objectives

The principal objectives of this book (and the chapters in which they are
primarily addressed) are as follows:

o To survey the principal ideas and concepts of evolutionary theory insofar as

they relate to musicality and music (Chapter 1).

o Tosummarise what is known of the evolution of Homo sapiens, particularly those
physical and psychological attributes related to the capacities for musicality
and language (Chapter 2).
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o To survey theories of cultural evolution and to argue that in its most radical
form — the theory of memetics — it is a direct equivalent to Darwinism in
biological evolution (Chapter 3).

e To give an account of the metaphorical uses of evolutionary theory in western
music historiography and western music theory and analysis, and to argue that
discourse on music is itself subject to the same cultural-evolutionary forces
operating on the music that is the object of that discourse (Chapter 4).

o To assess the relationship between certain animal vocalisations and human
music and language, and to consider the extent to which these might be re-
garded as musical and/or linguistic, and the extent to which they might be

deemed creative (Chapter 5).

e To explore how musicality, music and the creativity normally associated
with them have been rendered using evolutionary simulations in computers
(Chapter 6).

o To consider the relationships between evolution and consciousness and to

explore music’s relationship to these interconnected processes (Chapter 7).

1.2.4 Structure
The structure of this book is as follows.

Chapter 1 attempts to define the nature and scope of the evolutionary algorithm,
exploring the characteristics of the materials and mechanisms that fall under

its ambit in biology and culture.

Chapter 2 explores the biological foundations for musicality and music in humans,
tracing the evolution of our species from our hominin ancestors and attempting
to locate the origins of musicality in this process.” In the first of six treatments
of this issue in the book, it will be argued that it is impossible to consider the
evolution of language separately from that of music, not least given the close

analogies in brain substrates relating the two competences.

5 T employ the term “hominin”, in accordance with modern usage, to refer to modern
humans and our immediate ancestors (i.e., the genera Homo, Australopithecus, Paranthropus and
Ardipithecus). This is in contrast to the term “hominid”, which refers more widely to modern
great apes (i.e., humans, gorillas, chimpanzees and orangutans) and their immediate ancestors
(Bannan, 2012, p. xii; but see Fitch, 2010, 235, note to Box 6.1).
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Chapter 3 revisits memetics, and a number of antecedent models, in part to develop
it and integrate it into a wider evolutionary framework, and in part to set the
context for the metaphorical uses of evolutionary concepts in music-scholarly
discourses covered in Chapter 4. Exploring the extent to which memetics might
illuminate our understanding of musical performance affords an opportunity
to connect a number of different issues considered up to this point. Chapter 3
returns to the issue of the relationship between music and language, attempting
to understand the sound patterns of music (“musemes”) in ways similar to
how the sound patterns of language (“lexemes”) were understood in Chapter
2°

Chapter 4 traces the application of evolutionary metaphors in scholarly discourses
on music, both historiographic and theoretical/analytical. Since their peak in
the nineteenth century, such metaphors have become less overt, partly as a
result of criticisms that the organicism from which they spring is reductive
and deterministic, but they still arguably govern much musical scholarship,
albeit implicitly. Their status as what might be termed “verbal-conceptual”
memeplexes (§3.8) is discussed and thus a multi-layered treatment of the issue
is offered: the consideration of evolutionary metaphors in scholarly discourse
is related to the memetic-evolutionary development of those discourses, which

itself occurs in coadaptation with meme (musical and non-musical) evolution.

Chapter 5 discusses musicality in animals, particularly certain species of primates,
birds and cetaceans, and the extent to which these organisms might be said
to have a musical culture and the creativity normally associated with it. An
application of memetic analysis to certain cases of animal culture indicates that
process operating in human musics also govern animal “musics”. The chapter
concludes with a discussion of the extent to which the vocalisations of certain
animals are musical and/or linguistic, and to what extent they betray evidence

of consciousness.

Chapter 6 considers, after an examination of the computer simulation of language
evolution, a number of computer systems developed to generate music via the

simulation of evolutionary processes (and other approaches), and examines

6 T use these terms in a slightly different sense in this book to their conventional usage,
employing the suffix “-eme” to denote derivation from “meme”, a unit of cultural replication.
Thus, “museme” refers to a unit of music-cultural replication, and is a contraction of “musical
meme” (and not, in Tagg’s sense, and after Seeger, “a complete, independent unit of music-
logical form or mood” (in Tagg, 1999, p. 31)); and “lexeme” refers to a unit of linguistic-cultural
replication (and not (just) “a unit of lexical meaning, which exists regardless of any inflectional
endings it may have or the number of words it may contain” (Crystal, 2019, p. 128)).
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whether creativity is an attribute of any of them. It is argued that various
technologies are on the threshold of this property, and consequently that dis-
tinctions between human and machine creativity, as evolutionary phenomena,

are becoming increasingly blurred.

Chapter 7 concludes this study with a broadly philosophical review and extension
of the subjects considered. It principally explores the relationships between
evolution and consciousness and examines the extent to which musical pro-
cesses and products might be seen as manifestations of consciousness in a

sense rather wider than that which is normally accepted.

From this overview, it will be clear that the book moves broadly along a
dual nature (biology)-to-nurture (culture) and human-to-post-human tra-
jectory: it starts with a discussion of the biological basis of human musicality
(Chapter 2); moves through an extension of Darwinism to culture, both via
memetics (Chapter 3) and via metaphor (Chapter 4); and it concludes with a
consideration of animal-musical (Chapter 5) and incipient “post-human” cul-
tures, as implemented in computer systems (Chapter 6) and in the internet
(Chapter 7).

This first chapter begins by exploring the distinction between music and
musicality (§1.3), before considering the academic disciplines, and their
associated terminology, relevant to the book’s concerns (§1.4). It then as-
sesses the scope of the evolutionary algorithm and how it operates across
a number of different substrates (§1.5). The next section considers the ele-
ments key to all evolutionary systems, attempting to discern commonalities
across a number of different realms within which evolution operates (§1.6).
Classification is an important concern of evolutionary theory and this is
considered in order to set up later cross-comparisons between biological and
cultural taxonomies (§1.7). The final part of the chapter looks at the tensions
between Lamarckian and Darwinian accounts of evolution, again to enable
later cross-comparisons with analogous phenomena in music (§1.8).

1.3 Music and Musicality in Evolutionary Thought

Despite what was said in §1.1, it might be thought that the paradigms cur-

rently in use for understanding music are adequate. Certainly in the field of
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musicology — or “music scholarship” as Joseph Kerman enjoined us to call it
(Kerman, 1994a, pp. 7-8) — there are well developed models for considering
music in its social and historical contexts and for understanding its structure,
both generally (via music theory) and specifically (via music analysis). In
addition to the growing status of ethnomusicology, and its recontextual-
isation of European musics as just as “ethnic” as any other, recent decades
have seen an expansion in the range of musics admitted to the scholarly
canon (Randel, 1992) and a concomitant broadening of the methodologies
deployed to understand them.

Ethnomusicology, as part of the recontextualisation mentioned above, poses
a challenge to other types of music scholarship, in that its scope, chronolo-
gical and geographical, is radically more expansive. It also sees music as
part of culture in a way that only became fashionable for western “art” music
with the inception of the “New Musicology” of the 1980s (L. Kramer, 2010),
and that, in our increasingly fragmented post-postmodern culture, may yet
become unfashionable (J. D. Kramer, 2016) (see also §4.6). Moreover, and
in conjunction with its sister discipline anthropology, ethnomusicology at-
tempts to see music in the broader context of human biological attributes.
Thus, it is not enslaved to the work-centric, aestheticised view of music that
began to arise in the mid-eighteenth century and that, fuelled by Romanti-
cism, privileges the creative artist and his — and it usually is “his” — intellectual
offspring (Goehr, 1992). While attenuated, this way of seeing music — as text,
not act (Taruskin, 1995) — persists, and it is perhaps a consequence, in part,
of western capitalism and its fixation on the possession of, and commerce in,

objects.

What ethnomusicology opens up to us is not only the broad vista of music/mu-
sics in (global, human) culture, but also — to add the complementary term to
one of the principal dualisms that inform this book — of musicality /musicalities
in the context of evolution. That is, it allows us to make a distinction between
music as product — as something we make and do as part of our daily lives —
and music as competence — as a set of skills necessary for making and doing
music that are underpinned by various physical attributes and neurological
substrates and that have evolved in our species over millennia. As Honing
argues, “[p]otential candidates for the basic components of musicality that
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have been proposed in the recent literature are relative pitch (e.g., contour
and interval analysis ... ), regularity and beat perception ..., tonal encoding
of pitch ..., and metrical encoding of rhythm .... Some of these musical traits
may be common to humans and other species, and other might be uniquely
human ...” (2018a, pp. 6, 8).

In this sense musicality and music are broadly analogous to what Chomsky
terms “I-language” — “internal language”, which is a biologically evolved
function of human brains — and “E-language” — “external language”, which
is a culturally evolved function of human communities (Chomsky, 1986,
pp- 20, 22; Fitch, 2010, p. 32). Thus, and while not completely separable,
I-language inheres in “some element of the mind of the person who knows
the language” (Chomsky, 1986, p. 22), whereas E-language encompasses
“actual or potential speech events” (1986, p. 20). The equivalents to these are
what might be termed “I-music” — musicality as capacity — and “E-music” -
music as process and product. There are, however, two caveats to this map-
ping. Firstly, whereas I-language is primarily neural/cognitive, with some
derivative neural/motor elements (for vocal production), I-music involves
greater motor functionality (for rhythmicity) than its linguistic counterpart.
Secondly, it is important to note that Chomsky would not advocate the
“gradualist” approach to the evolution of language (and music) advocated
here: indeed, he adopts an explicitly “saltationist” account (§1.7.3), speaking
of the origin of (I-)language occurring via a “great leap forward” (2006,
pp- 176, 184; see also Chomsky, 2009, p. 34).

As argued in §1.7.3, however, the distinction between gradualism and sal-
tationism is perhaps not as clear-cut as it might seem, resting in part on
the granularity with which evolutionary processes are conceived and meas-
ured and in part on the mechanisms driving them (what are termed there

7

single-step and cumulative selection). In this sense, the “Cognitive Revolution’
discussed in §2.5.5 — a driver of Chomsky’s “great leap forward” — represents
the product of accelerated cumulative-selection gradualism, not of single-
step-selection saltationism. Rejecting such ontogenetic (organism/I-level)
and phylogenetic (species/E-level) saltationism in favour of gradualism, one

might speak, apropos E-music, of “musogeny” — cultural-historical musical
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change — as the musical analogue to the “glossogeny” — cultural-historical
linguistic change — of E-language (Fitch, 2010, pp. 33-34).

As will be explored in detail in this book, the fact that all human cultures
possess what might (in the most catholic sense) be called music and/or
musicality; the manifestation of musicality in even very young infants of our
species; the likelihood that musicality appears to have been present from the
earliest days of our species; the fact that music making is a profound force
for social communication and cohesion; and the fact that brain circuits for
musical competences are “cross/inter-wired” with circuits for many other
competences (perhaps most importantly language), makes music a central
part of what it is to be human. That many of the points I have just listed
appear to have been strongly shaped by evolution — they are not present, or
are present to a much lesser extent, in other species, even those with which
we share a close common ancestor — ties music firmly into an adaptationist
view (§2.5), in opposition to one that sees it merely as a source of (Pinkerian)

sensory pleasure.

An adaptationist perspective regards musicality as having subserved one
or more functions that have contributed to our survival. As suggested in
§1.1.1, and as will be explored in more detail in §2.5, the three most fun-
damental of these appear to be group sociality, sexual selection, and infant
nurturing; a higher-level, emergent, benefit appears to be pre/protolinguistic
communication (§2.7). Adaptationism implies a Darwinian process by which
those individuals who possessed genes for what we would now regard as
musical competences had a higher differential “fitness” — however defined;
see Dawkins (1983a, Ch. 10) — than those without. Over time, such genes
inevitably spread in the gene-pool and musicality became established as one
of the things that made us human and that helped us to face the challenges
of our early existence.

The other term of the dualism, music, also needs to figure in any adaptationist
account. Key to the argument here is that it is insufficient only to consider
the evolution of musicality, important though this is; one must also consider
the intra-musical Darwinian processes that have shaped music over time in
human cultures. This is because, even in the most conservative, traditional

musical societies, change in what might be termed musical style has been
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extensively documented over time. Much of the research agenda of western
historical musicology, like those of other humanistic disciplines, is predicated
upon the idea of constant change and development in the materials of music
and their use in constantly changing genres, forms and styles. Faced with
such indisputable change, one needs a mechanism to account for it, and
Darwinism appears the prime candidate. Just as Darwinism is the only
mechanism capable of explaining the evolution of human beings and their
(musical) competences from precursor species, I contend that Darwinism, as
incorporated into a number of cultural replication theories of which memetics
is the most promising, is the only mechanism capable of explaining the
evolution of music itself. In this sense I advocate a coevolutionary account of
the evolution of musicality and music that, as noted, attempts to integrate
understanding of music in evolution with understanding of evolution in music.
As Brown, Merker and Wallin express it,

[t]he term ‘music evolution’ ... refers both to biological evolution of
a capacity and to cultural evolution of that capacity’s output. In other
words, the term refers both to the biological emergence of music through
evolution of the capacity to make it (an evolutionary psychological con-
sideration [in addition to other disciplines]) as well as to the historical
changes in musical systems and styles that occur over time and place
(a comparative musicological consideration [in addition to other discip-
lines]). (Wallin et al., 2000, p. 18)

There are five scientific alternatives to adopting a Darwinian explanation
for musicality and/or music: leaving aside the non-scientific “explanation”
of creationism, Mayr identifies six theories of biological evolution (1982,
pp- 360-361), that, in Dawkins’ formulation, are: (i) “built-in capacity for, or
drive toward, increasing perfection” (1983b, p. 406); (ii) “use and disuse plus
inheritance of acquired characters” (Lamarckism; considered later in terms
of its applicability to biological (§1.8) and cultural (§3.4.3) evolution) (1983b,
pp. 406-409); (iii) “direct induction by the environment” (1983b, pp. 409—
411); (iv) “saltationism” (1983b, 412—418); (v) “random evolution” (1983b,
pp- 419-420); and (vi) “direction (order) imposed on random variation
by natural selection” (1983b, p. 420). All but one of these — Darwinian
natural selection — are elegantly refuted by Dawkins (1983a, pp. 406—420);
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and these refutations chime with the broad consensus of opinion of modern

evolutionary biology, which is squarely Darwinian.

A creationist account of musicality would simply see musicality as a gift from
God, one, like sight, hearing or any other human attribute, bestowed fully
formed and without antecedents. Similarly, many accounts of music are also
“creationist”, albeit in a more implicit and metaphorical sense. That is, the
act of producing music is often framed, certainly in originality-dominated
western culture, as singular and unmediated, the sovereign will of the com-
poser imposing order on musical material in a way that seems to call out “let
there be sound!” and that results in the miracle of musical genesis. If one
takes a creationist account of musicality or of music, one is unlikely to find
anything in this book with which one might agree, and it would perhaps
be better to stop here and turn to a different book. Actually — like Dawkins’
“[n]o, on second thoughts I don't give up” (Dawkins, 2006, p. xvi) — I should
not be so defeatist and should urge sceptical readers to press on and give my

arguments a chance.

In both domains there is an obligation to explain the varied recurrence of
features from earlier forms, one that is arguably met neither by biological
nor by cultural creationism. Just as (biological) creationists struggle to
explain the similarities between fossils and presently living creatures, or
morphological parallels between humans and other life forms, “musical
creationists” — that is, those who do not see one piece of music as connected,
in an intertextual web, to others — must account for similarities between
patterns in music from widely separated time-periods. In both these domains
it is important to distinguish between fortuitous similarities — analogies or,
more technically, homoplasies — and similarities resulting from evolutionary
transmission from a common ancestor — or homologies (Dennett, 1995, p. 357),
discussed in §1.7.2. To give two biological examples, octopus and human
eyes are very similar in their morphology, but are actually homoplasious,
not homologous: they evolved independently from each other, converging
on a similar design. Paradoxically, arms and wings are, in some respects,
quite different, but are in fact homologous: they evolved from structures in a
common ancestor.”

7 1am grateful to Alan Marsden (personal communication) for this point.
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To give a musical example, Figure 1.1 shows a clear “morphological” simil-
arity between the passages in Figure 1.1a and Figure 1.1b, one perhaps also
resonating in Figure 1.1c (but see also Ringer (1961), and note 195 on page
336).

This resemblance is unlikely to be the result of coincidence: while these
patterns are clearly two different entities, certain features render the likeli-
hood of their being coincidentally alike improbable. Both use aI-V ... V-1
harmonic structure associated with a 1-7 ... 2-1 melodic pattern (the latter
circled in Figure 1.1), forming an Aprile schema, in Gjerdingen’s terms (2007a,
pp. 122-123). While this schema is, almost by definition, common in the mu-
sic of this period, further similarities — recurrence of scale-degree sequences
additional to those constituting the Aprile — suggest the relationship between
the two passages goes beyond one of generic schema-deployment (i.e., a
many-to-one connection between several schema-exemplars and Mozart’s
and Beethoven’s passages), and thus implies a more focused route of trans-
mission (i.e., a one-to-one connection from Wranitzky’s passage to Mozart’s
and, perhaps, from Mozart’s to Beethoven’s). Further contextual connections
suggest Mozart may indeed have directly adapted his phrase from Wran-
itzky,® and Beethoven would certainly have known Mozart’s Singspiel, and
perhaps Wranitzky’s. Thus, the pattern-replication suggests a homological
rather than a homoplasious relationship, and so the connection between
Figure 1.1a and Figure 1.1b is in principle as much Darwinian as is the rela-
tionship between an arm and a wing.? This issue is taken up more fully in
§3.6.5.

As this book will attempt to argue, the evolutionary theory that many believe
offers the best explanation for the origin and development of human music-
ality also offers the best explanation of the origin and development of human
music itself. In short, while it is useful to speak of the dualism of nature

8 Bauman notes that “[t]he popular enthusiasm generated by Oberon at Vienna provided an
important impulse for the creation of a generation of popular spectacles trading in magic and
the exotic. Die Zauberfléte in particular shares many features with Oberon, musical as well as
textual”, and was performed at the same theatre as Oberon, the Theater auf der Wieden (2001).

9 As multiparametric entities, it is possible that certain features of a schema (such as the
metrical and phrasal elements) are more likely to be homoplasious, whereas others (such as
the harmonic and voice-leading patterns) are more likely to be homologous (adapting an idea
of Trevor Rawbone, personal communication).
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(c) Beethoven: Die Geschdpfe des Prometheus op. 43 (1801), no. 16, bb. 1-8.

Figure 1.1: “Morphological” Similarity Between Three Musical Patterns.

and/versus nurture, when it comes to the relationship between musicality

and music, the nurtural is itself natural.

1.4 Disciplines and Interdisciplines

As a truly multi/interdisciplinary enquiry, the subject(s) of this book — music
in evolution and evolution in music — encompass a number of ostensibly
separate scientific and humanistic disciplines, or at least these disciplines
have pursued separate lines of development until relatively recently; and the
book’s concerns have previously been partly addressed (although without
the overarching synthesis attempted here) under a variety of terminological
rubrics. These are outlined below.

1.4.1 Disciplines

The book’s contributory disciplines are as shown in Table 1.1; the second
column is arranged as definition of the discipline’s scope/application to
evolutionary-music/language questions. Section references here and in
§1.4.2 refer to those parts of the book wherein issues cognate with that
discipline are treated.
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The study of living organisms, incorporating evolutionary bio-

logy, human evolution (§2.3), genetics and taxonomy (§1.7)/
Biology the origin and adaptive benefits of the physical and mental

substrates for human musicality, language and related com-

petences (§2.5).

The study of human beings /musicality as a characteristic of

Homo sapiens and the similarities and differences between
Anthropology . . ) .
musical cultures; the universal attributes, if any, of human

musical cultures (§3.6).

The study of humans in society /the nature and functions of
Sociology musics in human societies and their relationships with social

structures (§2.3).

The study of brain structure and function/the structural and

functional localisation of music and language in the brain
Neuroscience and its relationship to evolutionary changes (§2.7.7); the

neuronal encoding and implementation of music and lan-

guage (§3.8.3).

The study of the structure and functions of language/structural

and functional analogies/homologies between music and
language (82.7, §3.8, §4.5, §5.6, §6.3 and §7.4); studies of

language origin and linguistic “speciation” (§1.7.3).

Linguistics

The study of the human mind /perception and cognition of
Psychology music and language; human creativity; consciousness as it
applies to musicality (§3.5.2, §7.3)."°

The study of animal behaviour /vocalisations in certain species

Ethology of primates, birds and cetaceans and their potential musical/
linguistic function(s) (§5.4); animal creativity (§5.5.3).

The study of cultural replicators/the factors affecting the gen-
esis and replication of the particles constituting music and

Memetics language; the population dynamics of musical and linguistic
replicators vis-d-vis that of their associated biological replic-
ators (§3.4, §3.7).

The study of music as an art and a science /contribution to evolu-

Musicology tionary models of music historiography and of music theory
and analysis (§4.3, §4.4).

10 Sometimes neuroscience and psychology are treated together under the rubric of cognitive
science, singular or plural.
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The study of music in its socio-cultural contexts/comparative
Ethnomusicology studies of musical style and structure and its relationship

to other “performative” social rituals."!

The study of the theory and practice of computation /techniques

for agent-based simulation of music/linguistic cultural-

C?mputer evolutionary processes (§6.5, §6.3); issues of artificial in-
Science telligence (AI) related to musicality; emergent machine cre-
ativity (§6.6).
The study of general problems of being, knowledge and reason/
the meaning of music and language and their connection
Philosophy to other domains of experience and knowledge (§7.1); the

evolutionary basis of knowledge (Evolutionary Epistemo-
logy, §3.3.2).

Table 1.1: Disciplines.

1.4.2 Interdisciplines

Many commentators — to be referred to passim — have attempted to synthesise
two or more of the above disciplines in the pursuit of deeper understanding
of music in evolution and/or evolution in music. These hybrid/inter/trans
disciplines, which this book seeks further to reconcile and integrate, have a
number of different terms, as indicated in Table 1.2.

A field consolidated by Leda Cosmides and John Tooby, this
Evolutionary concerns the adaptive shaping of perception and cognition,
Psychology including responses to music and language, by evolution
(Barkow et al., 1992; Tooby & Cosmides, 2005).

11 Tt is not always straightforward to determine whether something is a discipline in its own
right or a sub-discipline of a higher-level field of enquiry. With ethnomusicology, geographical-
institutional structures (certainly in the North-American academy), a certain tension between
it and “traditional” (ethnomusicologists would say “Eurocentric”) musicology, and its close
links with anthropology and sociology, perhaps warrant its presentation and treatment as a
discipline increasingly separate from (non-ethno) musicology. See N. Cook (1998, pp. 86, 99).
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Sociobiology

Music in Evolution and Evolution in Music

Established by Edward O. Wilson, this encompasses the
study of social behaviours (including their cultural pro-
cesses and products) in terms of biologically/evolutionarily
determined constraints (E. O. Wilson, 2000).

Biomusicology

A term coined by Nils Wallin (Wallin, 1991), this is “the
analysis of music origins and its application to the study of
human origins” (Brown et al., 2000, p. 5). It encompasses
three subcategories: (i) Evolutionary Musicology, concerned
with “the evolutionary origins of music, both in terms of a
comparative approach to vocal communication in animals
and in terms of an evolutionary psychological approach to
the emergence of music in the hominid line” (2000, p. 5);
(ii) Neuromusicology, examining “the nature and evolution
of the neural and cognitive mechanisms involved in musical
production and perception...” (2000, p.5); (iii) Comparative
Musicology, dealing with “the diverse functional roles and
uses of music in all human cultures ...” (2000, p. 5) (see

also Table 1.1, “Ethnomusicology”).

Sound
Archaeology

The study of the sound-world, natural and fabricated, of
hominins (Till, 2014; Till, 2019), incorporating music ar-
chaeology/archaeomusicology (the study of evidence for
human music-making in the material record (Kunej & Turk,
2000; Dumbrill, 2005)), and archaeoacoustics (the study
and reconstruction of the sound-worlds of ancient societies
and cultures (Fazenda et al., 2017)).

Zoomusicology

The comparative study of animal behaviour, specifically
their vocalisations, in terms of musical (and linguistic) char-
acteristics (M. S. Keller, 2012) (Chapter 5).

Evolutionary
Computer

Music

The use of evolutionary algorithms to compose, perform
and analyse music (Miranda & Biles, 2007). Incorporates
Computer Simulation of Musical Creativity/Evolution (and
related interdisciplinary rubrics): the use of evolutionary al-
gorithms to emulate/replicate/simulate human-level music-
creative processes in machines, including (by means of
agent-based simulations) interaction between musicians
(Ferndndez & Vico, 2013; Herremans et al., 2017) (Chapter
6).

Table 1.2: Interdisciplines.
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As suggested in the Preface, the term “evolutionary musicology” has a certain
appeal, but it is arguably excessively restricted to the biological origins of mu-
sic: it is too strongly orientated towards evolutionary psychology and there-
fore does not sufficiently acknowledge the power of cultural-evolutionary
forces working with (and against) biological imperatives (Chapter 3), or the
nature (and cultural evolution) of evolutionary thought in discourses on
music (Chapter 4), or attempts to transcend human (and animal) biology
and culture in the generation of music (Chapter 6).

1.5 The Ambit of the Evolutionary Algorithm

As Dennett asserted in the phrase quoted in the Preface, the (Darwinian)
evolutionary algorithm is the “Universal Acid” (1995, p. 63): it eats away at
everything, and so nothing in the universe is impervious to it or resistant to
its effects. After defining what exactly is meant by the concept, this section
considers the different domains in which the evolutionary algorithm operates
and argues — entirely in accordance with the implications of Dennett’s phrase
— that musicality and music have no claim to be resistant to the acid.

1.5.1 What Is Evolution?

At its most basic level, evolution is reducible to an algorithm. An algorithm
is a mindless, “if-then” process that works on a given substrate to produce
outcomes or outputs of a certain type. In Dennett’s formulation,

evolution occurs whenever the following conditions exist: (1) variation:
there is a continuing abundance of different elements[;]'? (2) heredity
or replication: the elements have the capacity to create copies or replicas
of themselves[; and]* (3) differential ‘fitness’ [leading to selection]: the
number of copies of an element that are created in a given time varies,
depending on interactions between the features of that element and
features of the environment in which it persists. (Dennett, 1995, p. 343;

emphases mine)

12 Mutation, in both genes and memes, is a driver of variation.
13 Replication is normally associated with transmission in biological evolution and generally
engendered by it in cultural evolution.
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Calvin expresses the same idea slightly differently, arguing that

1. There must be a reasonably complex pattern involved. 2. The pattern
must be copied [replicated] somehow (indeed, that which is copied may
serve to define the pattern). 3. Variant patterns must sometimes be
produced by chance. 4. The pattern and its variant must compete with
one another for occupation of a limited work space.... 5. The competition
is biased by a multifaceted environment .... That’s natural selection. 6.
There is a skewed survival to reproductive maturity (environmental
selection is mostly juvenile mortality) or a skewed distribution of those
adults who successfully mate (sexual selection), so new variants always
preferentially occur around the more successful of the current patterns.

(Calvin, 1998, p. 21; emphases mine)

Both formalisations have in common the three interconnected principles of

variation (a fund of pattern forms consisting of a notional original'*

(ante-
cedent) and one or more variants (consequents)); replication (copying, lead-
ing to the existence of multiple forms of the same variant); and some form
of selection (whereby attributes of the pattern, in conjunction with those of
its environment, lead to some variants being more extensively copied than
others). In summary, one might say that the evolutionary algorithm, in its
most abstract form, is reducible to “VRS” —1i.e., the interconnected processes
of variation, replication and selection. Plotkin (1995, p. 84), after Lewontin
(1970), uses a different acronym to signify essentially the same process: the
“g-t-r heuristic” aligns g (generate) with V, t (test) with S and r (regener-
ate) with R (see also Dennett, 2017, pp. 43, 384). Framing this process as
a heuristic captures the essence of the VRS/g-t-r algorithm as an adaptive/
survival-related problem-solver — and thus as an accumulator of inform-
ation and knowledge, broadly understood, in a domain. Any system that
instantiates this algorithm — in whatever substrate and at whatever structural-
hierarchic level - is, in Calvin’s phrase, a “Darwin machine” (Calvin, 1987b;
Calvin, 1987a; Calvin, 1998, p. 6; Plotkin, 1995). That is, it is an engine driven
by the VRS algorithm that, within some substrate, produces some output —
usually a change of form or state — in response to some adaptive imperative.

14 The concept of originality is problematic in this context because multiple “originals” may
be intractably interconnected with multiple variants in a nexus of evolutionary processes. More
fundamentally, and in a cascade of regress, a candidate original may itself be a variant of an
earlier form.
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The implication of Dennett’s Universal Acid is that the VRS algorithm is
not confined to any particular domain or medium — it is “substrate-neutral”
(1995, p. 82). On earth, we encounter it (albeit indirectly, and in virtual/
reconstructed form) via the biological evolution of our own species and of
other living creatures. But there is no reason, in principle, why the algorithm
needs gene-based VRS — it is not tied to it in any structural or functional
manner. This means that any entity of which copies can be made, and that
exists in an environment that provides some kind of raw material for that
entity and its future copies, will be amenable to the VRS algorithm. It is this
point that prompted Dawkins to claim that terrestrial /biological Darwinism
is merely a subset of a much more far-reaching process: a Universal Darwin-
ism whose reach, logic dictates, is limitless (Dawkins, 1983b; see also Plotkin,
1995, Ch. 3).

Having made the last point, it is nevertheless possible to identify certain
specific domains in which the VRS algorithm operates, as discussed in the
following subsections.

1.5.2 Physical Evolution

By this highly speculative concept — upon which none of the specific argu-
ments concerning music and evolution hinges — is meant evolution in the
laws of physics, and not evolution in the morphologies of living creatures.
To assert that these laws are themselves subject to Universal Darwinism is
to make a claim that is both bold and intrinsically difficult to verify. After
all, we know (very imperfectly) only one universe; and its laws, insofar as
we understand them, appear immutable. But some physicists argue that our
universe is only one of many.!®> In “multiverse” theories, the big bang gave
rise not to one but to a multiplicity of universes (Carr, 2007), each with a
different system of physical laws and constituent particles. Other physicists
argue that the existence of multiverses is a philosophical, not a scientific,
problem, principally on account of the non-amenability of multiverse the-
ories to verification (by means of deduction or induction) or, in Popper’s
(1959) concept, to falsification.

15 There is clearly a semantic problem here, because it is illogical to speak of a number of
“universes” within a “multiverse”.
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Another difficulty with multiverse theories, beyond the aforementioned
problem of verification/falsification, is that they are difficult to reconcile
with certain features of the VRS algorithm that occur in other substrates,
specifically the distinction between replicators and vehicles (§1.6.1). Briefly
stated, that which is copied often creates for itself a framework to exped-
ite its replication — this being physical, sentient bodies, in our case.!® All
other replicator systems discussed in this book operate within the trinity of
replicator, vehicle and environment. In multiverse theories the replicator
is the system of physical laws, the environment is the body of matter upon
which those laws operate, but there is no obvious vehicle. Nevertheless, some
terrestrial replicators, notably certain viruses, are coterminous with their
vehicles, so this is perhaps not a significant discrepancy. More fundamentally,
a replicator is normally something that operates within an environment, and
that is largely subject to its vicissitudes, not something that (as in multiverse
theories) controls an environment. Again, there are exceptions: the biological
notion of the extended phenotype (§1.5.3) encompasses cases where genes act

to remodel their environment in order to optimise their own replication.

Another way of conceiving the issue of universe/multiverse-level Darwinism
is to be found in Vanchurin’s audacious claim that, “on the most fundamental
level, the dynamics of the entire universe is described by a microscopic neural
network that undergoes learning evolution” (2020, p. 2; see also Vazza &
Feletti, 2020). By this, he is “not just saying that the artificial neural networks
can be useful for analyzing physical systems ... or for discovering physical
laws ...”; rather, he is claiming that “this is how the world around us actu-
ally works” (2020, p. 17). When Vanchurin says the universe “is a neural
network” (2020, p. 1), there is nevertheless a level of generalisation in that,
as in the operation of the brain and its electronic simulacra, there are nodes
(= neurons) and connections between them, forming a matrix. This matrix
is comprised, in Vanchurin’s model of particles and energy that instantiate
physical laws and principles. As will be discussed in §6.5.1.2 apropos neural
networks designed to generate music, Vanchurin’s universal neural network
implements a Darwin machine. This “Vanchurin machine” is able to: (i)
generate and sustain a number of alternative systems of physical organisation

16 This is perhaps the key to the “meaning” of life: we exist, from an evolutionary perspective,
merely to expedite the survival of our genes into the next generation. Beyond that, we are
meaningless, evolutionarily speaking.
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(variants), each represented by specific patterns of connection between the
particle-energy neurons, with each configuration representing a replicator;
(ii) select from this range of configurations according to some survival cri-
terion (such as coherence and immutability); and (iii) differentially replicate
the “winning” candidates, these collectively instantiating and engendering
the laws of physics. This problem-solving via solution-exploration (§5.5.2) is
the basis for Vanchurin’s above-cited assertion that physical phenomena
arise through a process of Darwinian “learning evolution” implemented in a
neural network. Indeed, in a ringing endorsement of Universal Darwinism,

he claims that

if the entire universe is a neural network, then something like natural se-
lection might be happening on all scales from cosmological (> 107%m)
and biological (1072 — —10~%m) all the way to subatomic (< 10~ '°m)
scales. The main idea is that some local structures (or architectures)
of neural networks are more stable against external perturbations (i.e.,
interactions with the rest of the network) than other local structures. As
a result, the more stable structures are more likely to survive and the
less stable structures are more likely to be exterminated. There is no
reason to expect that this process might stop at a fixed time or might be
confined to a fixed scale and, so, the evolution must continue indefinitely

and on all scales. (Vanchurin, 2020, p. 18)

As with many models at the cutting edge of theoretical physics, Vanchurin’s
is, as he concedes, “very speculative” (2020, p. 19), and thus provisional.
Moreover, for all the rigour and logic of the underlying mathematics, it is
inherently difficult to falsify. Yet its appeal lies in the fact that it regards
as emergent phenomena certain theories — such as quantum mechanics and
general relativity — that other physicists hold to be fundamental theories; and it
sees (albeit not in these terms) the VRS algorithm as driving this emergence
(Vanchurin, 2020, p. 17). In this sense, his neural-network model confirms
Darwinism as the Universal Acid: indeed, it is a “proposal for the theory of
everything” (Vanchurin, 2020, p. 17).

1.5.3 Biological Evolution

The coming of the Age of Enlightenment imposed increasing pressure on

the immutable, God-centred world that had been accepted as accurate for
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centuries. Indeed, from the 1500s onwards one can speak of a scientific
revolution characterised by the “discovery of ignorance” — the rejection of
religious texts as a source of truth and their replacement by the scientific
method and its attendant cycle of a posteriori and a priori interaction (Harari,
2014, pp. 250-251). By the end of the eighteenth century, advances in natural
sciences, including the exploration of the fossil record, had suggested the
mutability of living things. For all the controversy attending its publication,
Darwin’s On the origin of species (Darwin, 2008; see also S. Jones, 1999) was
increasingly accepted as a valid model of the way by which the living world
had taken shape over time. All this marks what might be called the first phase
of Darwinism — the application of evolutionary theory to the physical forms
and adaptations of living things on earth.

A second phase of Darwinism is represented by the discovery that Darwinian
principles are operative in processes internal to the functioning of living
creatures, such as homeostasis (the maintenance of a “steady state”) and the
immune response. In the latter, and according to “clonal selection theory”,
an invading organism is confronted by specialist cells (lymphocytes) that
present a range of variant strategies — specifically, forms of adhesion to an
antigen, the external marker of the pathogen — to combat the invading agent.
That which manifests an optimal fit to the antigen is selected to be further
replicated (cloned) as an antibody, thus arriving at and mass-producing the
most effective weapon in the battle against the infection (Plotkin, 1995, p. 72).
As Plotkin argues,

[t]here are no ifs and buts about how, in general terms, the immune
system works. It is a ‘Darwin machine’ — an organ system whose trans-
formation through successive adaptational states in time is explained by
a Darwinian evolutionary process. The immune system does not work
like an evolutionary process. Immune system function is an evolutionary

process. (Plotkin, 1995, p. 72; emphases in the original)

A third phase of Darwinism incorporates extensions of Darwinian ideas to
phenomena and processes external to the body. This is the notion, referred to
in §1.5.2, of the extended phenotype (Dawkins, 1983a),” wherein genes are

17 In brief, and in advance of the fuller discussion in §1.6.1, an organism’s phenotype — its
body and its instinctive behaviours — is the vehicle produced by its replicators.
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understood to shape the world at increasingly distant remove by motivating
their vehicles to adapt their environment in certain ways in order to enhance
the genes’ replicative advantage, thus forming a distributed Darwin machine.
The classic example of this extension is the beaver’s dam. Dam-building be-
haviour in beavers is seemingly entirely innate (genetically determined), not
learned (culturally determined) (Wilsson, 1968). Thus, when a beaver builds
a dam and the environment around the structure changes — the vicinity of
the dam is flooded, and other organisms are forced to adapt their behaviours
accordingly — that effect on the world is genetically motivated and selected
for (Dawkins, 1983a, p. 59). Other extended-phenotypic phenomena include
changes to host phenotypes motivated by parasite genes, which disadvantage
the former’s genes and advantage the latter’s (Hughes, 2014).

1.5.4 Cultural Evolution

From the 1970s onwards, and building upon some much earlier foundations
(§3.3), a number of biologists argued for the operation of evolution in and
of culture (for overviews, see Lewens, 2015 and Savage, 2019), what might
be regarded as a fourth phase of Darwinism. Their extension of evolutionary
thinking to culture was largely intended to advance the cause of Darwinian
ideas more generally, but it had the complementary effect of opening up
a new paradigm for cultural studies that, today, has coalesced under the
rubric of memetics (Chapter 3). Linking cultural evolution with biological
evolution is the contention that Darwinian processes are implicated in the
operation of the brain, the ultimate location and foundation of culture. In
what might be regarded as a fifth phase of Darwinism, variation, replication
and selection of patterns of neuronal interconnection are hypothesised by
some neuroscientists to account for key aspects of perception and cognition
(Edelman, 1987; Calvin, 1998), making the brain a Darwin machine (§3.8.3).

From this perspective it is difficult to separate cultural evolution from what is
arguably the supreme manifestation of Darwinism, namely human conscious-
ness (§7.3). Always “switched on” during our waking hours, consciousness
performs a number of functions, one of which is the processing and exchange
of the ideas that constitute culture. In this sense, culture is understood as

a subset of consciousness, dependent upon it but not coterminous with it.
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Regarding consciousness as arising from the neuronal Darwin machine of
the fifth phase of Darwinism perhaps allows us to understand it as repres-
enting a sixth phase of Darwinism. Yet the evolutionary hierarchy does not
stop here: there is arguably a seventh phase of Darwinism, represented by the
evolution of information on the internet, this information functioning as a

form of extended, distributed consciousness (§7.6).

Even those who accept its existence in principle might argue that cultural
evolution is intrinsically less significant than biological evolution, because it
is dependent upon structures (neurons) that are provided and controlled
by biological evolution. But this criticism might also be levelled, in turn,
against biological evolution, which is contingent upon the laws of chemistry
to furnish the molecules — primarily amino acids and nucleotides — upon
which it depends.!® In turn, the structures of chemistry themselves depend
upon the laws of physics, which regulate how atoms can combine to form
molecules. In this sense there is an interdependent structural hierarchy —a
recursive ontology — regulating the organisation of phenomena in the universe,

which is the subject of the next section.

1.5.5 Evolution and Recursive Ontology

Velardo hypothesises a recursive ontology wherein all the realms considered
in §§1.5.2-1.5.4 are unified into a single entity (or master-system), termed
“being”, which encompasses everything in the universe. Being is character-
ised by certain common laws that relate its four constituent “ontological
(macro) categories”, the latter termed the physical, the biological, the psy-
chological and the socio-cultural (Velardo, 2016, p. 104, Fig. 3). The common
laws are four in number: (i) the Law of Building Blocks (in brief, ontological
categories are each constituted from a number of systems of varying degrees
of complexity; a network of systems with comparable degrees of complexity
constitutes a level); (ii) the Law of Recursive Organisation (systems and levels

18 Amino acids are the building blocks of proteins, molecules essential for life whose assembly
(or “translation”) is coded for by genes. Nucleotides are the building blocks of the nucleic acids
DNA and RNA, segments of DNA functioning as genes. The five nucleotide molecules — adenine,
cytosine, guanine, thymine and (substituting for thymine in RNA) uracil — connect to form
“base pairs” that link the two chains of the DNA double helix (Berg et al., 2019). Representing a
mere four “letters” (A[denine], C[ytosine], G[uanine] and T[hymine]/U[racil]), nucleotides
constitute the “alphabet” by means of which the information underpinning life on earth is
transmitted.
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build in bottom-up fashion, to create higher-order systems); (iii) the Law of
Emergence (new properties arise at higher levels from the attributes of lower
levels; these properties are neither completely chaotic nor completely determ-
inistic, but are rather “on the edge of chaos”, or “quasi-chaotic”); and (iv)
the Law of Isomorphism Between Levels (despite their qualitative differences,
all systems and levels may be described by the same unifying mathematical
model) (2016, pp. 95-100).

Summarising the attributes of the four ontological categories, Velardo argues
that

The physical category embraces all physical systems. This ontological
category [as with the others] is structured in hierarchical levels that
show different amounts of complexity. Starting from scratch, elementary
particles build up protons, electrons and neutrons. These new particles
connected together generate atoms, which in turn create molecules. This
process keeps going until it reaches a threshold which allows chemistry
to turn into biology. Indeed, the physical category acts as the basis for
the biological category. The biological category arises when biological rep-
licators emerge. Replicators are anything in the universe of which copies
are made .... DNA is the main replicator within the biological category.
Replicators allow the evolutionary process to unfold because they mutate
over time and are selected depending on their fitness. The biological
category considers hierarchical constructs such as cells, organs[s] and
animals. The psychological category arises when mind emerges. Mind is
an emergent property that arises by the non-linear local interactions of
a large number of neurons .... The psychological [category] considers
constructs such as perception, memory, and different functional mod-
ules of mind ... that allow an individual to interact with its environment.
The socio-cultural category arises when cultural replicators emerge. These
are called memes ... and are pattern[s] of information that can spread
within a society. Memes are also characterised by an evolutionary pro-
cess. The socio-cultural domain considers constructs such as society and
philosophy. It is worth remembering that the four ontological categories
altogether represent the entirety of being. (Velardo, 2016, pp. 104-105;
emphases in the original)

Velardo illustrates their relationship as shown in Figure 1.2 (after 2016, p.
104, Fig. 3).
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Figure 1.2: Recursive Ontology.

Whereas I frame cultural evolution as the successor to biological evolution,
and therefore delineate three ontological categories — the physical, the biolo-
gical and the (socio-)cultural — Velardo (2016) intercalates the psychological,
giving his model four categories in total. For him, the psychological category
— characterised by the operation of perception, memory and, by implication,
consciousness (2016, p. 105) — is a distinct Darwinian system. While, as
noted above, I certainly do not dispute the Darwinian nature of conscious-
ness (§7.3), the differences between the psychological and the socio-cultural
ontological categories seem less significant than those between the physical
and the biological and between the biological and the psychological categor-
ies. These differences inhere in: (i) what I term, after the genome-phenotype
distinction in biology, the memome-phemotype distinction in culture (§1.6.1)
- i.e., the distinction between somatic/brain-resident replicators and their
extrasomatic, physical products; (ii) the singular/plural distinction — the
difference between one individual consciousness and a group of socially/cul-
turally interacting minds; and (iii) the distinction (arising from (ii)) between
the relatively fast processes of consciousness and the relatively slow processes
of culture.
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Moreover, the “threshold property” separating the biological from the psy-
chological category is mind; and the threshold property separating the
psychological from the socio-cultural category is the meme (Velardo, 2016,
pp- 104-105). In some theories of consciousness, however, mind is held to be
constituted by memes (§7.3.1). Thus, taken together, the similarities between
the psychological and socio-cultural categories — between consciousness and
culture — are arguably greater than their differences and, for the purposes
of this book, do not materially affect any application of Darwinism to them.
Indeed, Velardo’s concept of the domain — “functionally coherent systems
that can transcend the boundaries of ontological categories” (2016, p. 106,
Tab. 1) — allows systems such as music and language to be understood in
terms of processes distributed across the psychological and socio-cultural
categories.

A four-category hierarchy might nevertheless emerge when one considers
quasi-independent extensions of the socio-cultural category such as are found
in the arguably nascent ontological category of the digital — the evolutionary
domain of electron-based information-particles stored in computer systems
and networks (§7.6). Thus, the psychological and the socio-cultural cat-
egories might, as inter-blending strata, be crowned by the digital, which is
nevertheless partially dependent (at least at present) upon the socio-cultural.
In this sense, and contrary to Velardo’s assertion, the four ontological cat-
egories he identifies do not “altogether represent the entirety of being” (2016,
p- 105).

1.6 Core Elements in Universal Darwinism

One of the challenges facing Universal Darwinism is that of determining
which elements of biological evolution on earth are fundamental to the
VRS algorithm — and which are therefore common to Darwinism in all the
substrates in which it operates — and which elements are simply “local”
peculiarities of gene-based evolution on our planet. It is in the nature of
algorithms that they are formulated parsimoniously and so, in the case of
the VRS algorithm, while it affords us a sense of how a Darwinian system
operates in principle, the system’s detailed functional implementation is
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necessarily not specified, lest the algorithm’s wider applicability be curtailed

by unnecessary substrate-specific constraints.

If a set of common elements beyond the minimal trinity of variation, rep-
lication and selection definitive of all systems held to implement the VRS
algorithm can be found, then it would reinforce the case for a Universal
Darwinism. I would contend that one can indeed see beyond the superficial
dissimilarities motivated by the algorithm’s operating in different substrates,
and can arrive at a core of elements — second-order, ancillary properties —
regularly manifested by all systems implementing the (first-order) evolu-
tionary algorithm. These elements are simply consequences of the operation
of the VRS algorithm itself, repeatedly found in a number of Darwinian
systems on account of their utility and parsimony for the functioning of
the algorithm. Put another way, a substrate capable of sustaining the VRS
algorithm will not only “boot up” the algorithm itself, but will also tend
to optimise its operation by drawing upon these ancillary elements. The
following subsections outline them, with particular reference to the ways in

which they impinge upon musicality and music.

1.6.1 Replicators and Vehicles

A minimal implementation of the VRS algorithm requires free-floating rep-
licators in an environment containing the raw materials of which those replic-
ators are constituted (Dawkins, 1989, pp. 14-15). It appears that for millions
of years this worked perfectly well, certainly from the “perspective” of the
replicators. Yet one can imagine that if a chance variant arose that used some
environmental element not as a constituent of that which is replicated but to
expedite the process of replication, then a distinction would arise between
that which is replicated and that which facilitates replication. While this distinc-
tion might initially appear hard to resolve — after all, if some facilitatory
element is consistently replicated along with the replicator itself, then the
former arguably becomes a replicator (or at least a part of the replicator)
in its own right — over time the distinction between a sacrosanct, protected
replicator and the temporary vehicle that encompasses it grew ever clearer
and wider. The replicator acquired a kind of immortality, because it existed
in distributed form, scattered across numerous copies; while the vehicle,



1. Introduction: Music and Darwinism 35

similar though it might be to other vehicles, was essentially transient and
dispensable — it had no existence independent of the replicators that caused
it to be fabricated.!”

In Dawkins’ formulation, the vehicle is presented as a passive intermediary
between the replicator and the world — a puppet whose strings are pulled by
a replicator lurking behind the scenes. In reality, the vehicle might assume a
more active role, as is captured in Hull’s (1988a) alternative notion of the
“interactor”. Interactors are “causal agents in their own right: [they] do
things that are not reducible to the orders served up by the replicators riding
about within them” (Plotkin, 1995, p. 97). References to vehicles in this book
should be understood as encompassing the instrumentality ascribed to them
by Hull. Sometimes a vehicle serving the interests of one replicator may
subsequently provide the conditions for the origin of another replicator. The
conduit connecting the lungs to the outside world primarily evolved in many
species to facilitate oxygen ingress and carbon dioxide egress. In several spe-
cies, including in hominins, it evolved various secondary sound-producing
adaptations, whose initial selection pressure was the use of such vocalisa-
tions for the demarcation of territory and for other gene-advantageous forms
of signalling (§5.1). While initially innate, such sound sequences in Homo
sapiens were increasingly learned, being transmitted between conspecifics
(members of the same species) by imitation. The resulting patterns eventu-
ally themselves became replicators in their own right — they constituted the
memes of cultural evolution. To invoke what Plotkin terms the “replicator-
interactor-lineage (RIL) formulation” (1995, p. 88), a lineage of interactors
became a lineage of replicators.

The distinction between replicators and vehicles is usually discussed in bio-
logy in terms of the genome-phenotype distinction, already mentioned briefly
in note 17 on page 28 and in §1.5.5. Table 1.3, after Ball (1984, p. 156, Fig. 2)
and Jan (2007, p. 30, Tab. 2.1), extends the concept to encompass cultural

replicators, positing the existence of various analogous categories.

19 Two examples of this replicator immortality-vehicle mortality are given by Harari (2014).
One is the modern industrialised farming of wheat. Wheat genes are among the most successful
on the planet, owing to the sheer extent of wheat-vehicle cultivation; but wheat plants are
destroyed after harvesting their seed (2014, p. 80). A sentient equivalent is cattle farming. Cow
genes are similarly prolific, owing to the vast numbers of cows being bred; but the life of each
individual cow-vehicle is usually short and often miserable (2014, p. 96, plate 15).
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Gene Genome

Phenotype

A constellation of nucleotides encoding a

The somatic and extrasomatic products of a genome, by virtue
of which genes are reconstituted in other bodies.

A unit of biological ~ discrete, particulate unit of
replication. protein-generating information that is Somatic Extrasomatic
Manifesting itself as:  replicated (via its phenotype) in more Behaviour Artefacts
than one body.
Feathers Nest-building Nests
Meme Memome Phemotype

A tellati f di
A unit of cultural constellation of neurons encoding a

The somatic and extrasomatic products of a memome, by
virtue of which memes are reconstituted in other brains.
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The somatic and extrasomatic products of a mnemotype, by
An item of virtue of which reconstitution of the mnemon in another brain

A constellation of neurons encoding a
discrete, particulate unit of information
that is not (yet) replicated in another
brain.

brain-stored
memory (Lynch,
1998). Manifesting
itself as:

(thereby creating a meme) may occur.

. Extrasomatic
Somatic

Behaviour Artefacts

As phemotype.

Table 1.3: Overview of Gene and Meme Forms.
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Table 1.3 might be held to illustrate three underlying commonalities: (i)
replicator systems are agnostic as to the substrate - DNA sequences, neuronal
interconnections — implementing the replicator; (ii) there is a clear distinction
between the replicator and its vehicular products; and (iii) the latter mediate
the replication of the former, such that those replicators able to engender the
most impactful vehicles have the greatest chances, in a statistical sense, of
being replicated.

1.6.2 Replication Hierarchies and the Unit(s) of Selection

Velardo’s recursive ontology (§1.5.5) divided reality, or being, into a hierarchy
of four ontological categories: the physical, the biological, the psychological
and the socio-cultural. Within each category a number of (also) hierarchic
levels exist. Velardo defines a level as “the set of all the systems that share
a similar amount of complexity and similar emergent properties” (2016,
p- 111); and a system, after Backlund (2000), as “a set of interacting or in-
terdependent components forming an integrated whole” (2016, p. 95). A
replication hierarchy is a contiguous set of such intra-ontological-category
levels manifesting increasing structural complexity as one proceeds up the
ladder of the hierarchy. Given the existence of such hierarchies within and
across ontological categories, the possibility exists of identifying structural
similarities — systemic cross-mappings — between corresponding levels of two
or more ontological categories.

On this second point, and reworking Figure 1.2 (partly by inversion), Table
1.4 (after Jan, 2013, p. 152, Fig. 1) proposes a replication hierarchy of eight
levels spanning the physical and biological ontological categories, and it
hypothesises the corresponding levels — by positing certain structural and

functional analogies — in the psychological and socio-cultural categories.?’

20 1t should be stressed that the nature-culture distinction represented by Table 1.4 —a form
of the nature-nurture dichotomy - is somewhat artificial, in that, from the point of view of
Universal Darwinism, culture is just as “natural” as nature.

21 Meyer argues that rules “constitute the highest, most encompassing level of stylistic
constraints”. While “[d]ifferences in rules ... distinguish large periods such as Medieval,
Renaissance, and Baroque from one another”, paradoxically a “commonality of rules ... links
Classic and Romantic musics together”. For this reason, a dialect is equated here with a
species, because, like Classical and Romantic musics, several distinct species may share the
same underlying biochemical “rules” (1996, p. 17).

22 An operon is a gene-complex: a group of genes that act in concert biochemically. In this
sense, and as Table 1.4 indicates, it is analogous to a m(us)emeplex.
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Level Nature Culture
Genetic-"Cultural” Memetic-Cultural
) Acoustical and Psychological
1 Physical Laws Laws (Meyer, 1996, p. 13)
2 Biochemical Systems Rules (Meyer, 1996, p. 17)*!
3 Species Dialect (Meyer, 1996, p. 23)
. Idiom (Meyer, 1996, p. 24)/
4 Sub-group of Organisms Genre/Formal-Structural Type
Genetic-Structural Memetic-Structural
Intraopus Style (Meyer, 1996,
5 Individual Organism p- 24) (Movement/Work/
Musemesatz)
M(us)emeplex (schema (Gjerdin-
6 Operon® gen, 1988, p. 6)/style structure
(Narmour, 1990, p. 34))
M(us)eme (schema-feature
7 Gene (Gjerdingen, 1988, p. 6)/style
shape (Narmour, 1990, p. 34))
. M(us)eme-element (single, dis-
8 Nucleotide

crete musical pitch plus duration)

Table 1.4: The Hierarchies of Nature and Culture.
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In a similar vein, Sereno posits four analogies between biological and cultural
(specifically linguistic) evolution (1991, p. 473, Fig. 1; see also Victorri, 2007):
(i) species/language (1991, p. 471) (associated with historical linguistics and
corresponding to level 3 (nature)-3 (culture) in Table 1.4); (ii) genes/culture
(1991, p. 474) (associated with sociobiology and corresponding to levels
7-7); (iii) organism/concept (1991, p. 476) (associated with evolutionary
epistemology (§3.3.2) and corresponding to levels 5-6/7); and (iv) cell/
person (1991, p. 478) (associated with molecular biology and corresponding
to levels ? (nature)-5 (nature)).

Sereno favours analogy (iv), arguing, in a nutshell, that a “symbolic-
representational system” (Sereno, 1991, p. 484) — ie., one encoding
relationships between symbols and the things they symbolise — has arisen only
twice on earth: in cellular protein synthesis and in human language (so
the analogy is strictly cell/cortex, not cell/person); and that the mechanisms
underpinning symbolisation in these two domains — that involve internal
(intracellular/cortical) connections between internal representations of
external symbols and internal representations of external things — are
structurally very similar (1991, p. 488, Fig. 5; p. 489, Fig. 6). While his
formulation fails to account for the operation of the VRS algorithm, which
is most evident in analogy (ii), it may nevertheless be reconciled with the
gene/meme-selectionist perspective adopted here by conflating the internal
meme-representation (the memome) with what Sereno terms the “symbol
representation” (1991, p. 489, Fig. 6). A model for implementing this
representation in cortex is discussed in §3.8.3, and other implications of the
cell/person analogy for the evolution of music and language, are considered
in §3.8.7.

While Universal Darwinism and recursive ontology imply that replication
will tend to give rise to structures at a number of different hierarchic levels —
some of these constituting ever more complex vehicles arising in the service
of their masters, the replicators (§1.6.1) — and while the phenomena at the
eight levels shown in Table 1.4 are individually meaningful, the proposed
cross-category mapping is, ultimately, hypothetical. That is, while it is based
on arguably sensible analogies between the ways nature and culture are
organised, these have no necessary validity. There is no fundamental reason,
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for instance, why a musical dialect should be equated to a species in biology,
and there are many reasons why the mapping is problematic. For one thing,
a species in biology is sustained by breeding within (but not without) itself;
whereas there is no direct equivalent to this in culture: different musical
dialects can readily “cross-fertilise” each other, as often happened when
musicians travel widely or, more recently, as a result of the transmission of

information via the internet.

Another potential criticism of the proposed mapping is that, while the dis-
tinction between them is not always clear, the biological levels in between
the species and the level of biochemical systems — i.e., domain, kingdom,
phylum, class, order, family and genus (§1.7) — are at least widely recognised
in the history and literature of biology, whereas in culture there are no clear
levels between rules and dialect, unless one invokes such concepts as national
styles or such problematic notions as stylistic eras (Renaissance, Baroque,
Classical, etc.). Thus, the gap between levels 2 and 3 of Table 1.4 is wider
than might appear to be the case from the table’s layout.

Nevertheless, the hypothesised mappings are suggestive and, particularly
at the extremes of the continuum (arguably levels 1 and 2, and levels 6—
8), they are telling in that they appear to accord with the “Humboldtian”
nature of reality (Merker, 2002).% That is, they support a view of the way
reality — Velardo’s “being” — is assembled by particles (of whatever type)
conglomerating to form higher-order particles that themselves assemble
to form particles on the next higher level, and so on. While these levels
are in some cases “analogue” — some slide imperceptibly into others — a
“digital” order might nevertheless, as in Table 1.4, be read in them. These
mappings are revisited in Chapter 3, apropos the issue of cultural taxonomies
(§3.6), because Table 1.4’s level three in nature, the species, is a fundamental
taxonomic category in biology (§1.7), and it is fruitful to consider whether
any equivalents to it in musical culture might meaningfully be subject to a

taxonomic approach.

23 Ideas stemming from Wilhelm von Humboldt, and indeed the notion of Recursive Ontology,
suggest that the potentially infinite complexity of several systems —including music and language
— arises from the recombination of a finite set of elements. This issue is discussed more fully in
§5.6.



1. Introduction: Music and Darwinism 41

While the details of variation and replication are not unproblematic, it is se-
lection that has perhaps proved to be the most controversial aspect of the VRS
algorithm. In particular, it is not generally agreed by biologists upon what
entities selection actually operates: what, in other words, are the meaningful
“units” that might survive or perish? This question underpins one of the
most fiercely contested debates in biology, the “unit(s) of selection contro-
versy” (Lewontin, 1970). Some biologists maintain that selection operates at
a collective level, the level of the species (species selectionism) or that of the
group of organisms within a species (group selectionism). Others, including
Darwin himself, argue that selection operates at the level of the individual
(individual selectionism). A third group, including Dawkins, contend that
selection operates at a level below that of the individual. Supporting this, he
argues that biologists have confused two types of selection, replicator selec-
tion and vehicle selection (§1.6.1). In this dichotomy, “[r]eplicator selection
is the process by which some replicators survive at the expense of other
replicators. Vehicle selection is the process by which some vehicles are more
successful than other vehicles in ensuring the survival of their replicators”
(Dawkins, 1983a, p. 82). Thus, because selection devolves to the survival
of replicators, not vehicles, then the units of selection are replicators, not
vehicles (individually or in groups).

The replicator-selection/vehicle-selection dichotomy allows Dawkins to re-
fine the concept of the gene. Extending Benzer’s (1957) concepts of the
“muton” (“the minimum unit of mutational change”), the “recon” (“the min-
imum unit of recombination”), and the “cistron” (“the unit responsible for
synthesizing one polypeptide chain”), Dawkins proposes a fourth category,
the “optimon”, which he defines as “the unit of natural selection” (1983a,
p- 81). This formulation represents a condensation of a longer definition,

one that regards the gene as

any portion of chromosomal material that potentially lasts for enough
generations to serve as a unit of natural selection.... a genetic unit that
is small enough to last for a large number of generations and to be
distributed around in the form of many copies.... a unit which, to a high
degree, approaches the ideal of indivisible particulateness. (Dawkins,

1989, pp. 28, 32, 33; emphasis in the original)
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The level at which selection operates — and thus the unit of selection — is
closely related to Dawkins’ (1989) notion of “selfishness”, arguably the most
important, but perhaps the most misunderstood, concept in The selfish gene.
If, on the basis of the foregoing, the gene is taken to be the unit of selec-
tion (the optimon), then it is by definition “the entity for whose benefit
adaptations may be said to exist” (Dawkins, 1983a, p. 81). While somewhat
downplaying the importance of replicator collaboration, adaptations (§2.5.1)
might be understood as those changes to a vehicle driven by a replicator
in response to some selection pressure, which serve to optimise the replic-
ator’s survival. Adaptations appear to suggest the presence of intentionality
—usually ascribed to the work of a conscious designer (Dawkins, 2006) — in
fashioning an effective vehicle; but they are simply the artefacts built by the
“winners” of replicator competition. Those replicators that cause the most
effective vehicles to be built will, self-evidently, augment their chances of
replication, and thus will differentially increase their numerical representa-
tion in future generations. As Dawkins notes, “[t]his is not a theory; it is not

even an observed fact: it is a tautology” (1989, p. 86).

This tautology means that, without agency or intentionality, the blind and
mechanistic processes of the VRS algorithm afford the illusion of successful
replicators selfishly pursuing their own interests, to the detriment of their
rivals. Seen in these terms, selfishness is an intrinsic attribute of all replicators,
be they genes in a human'’s cell nuclei or memes encoded in that human’s
brain. In the latter category, it is also an attribute of musemes (Chapter 3),
such that individual musical patterns in a range of parameters may be said
to pursue their self-interests above those of their rivals.

1.6.3 Replicator Attributes

Dawkins identifies three attributes that characterise all replicators: longevity,
fecundity and copying-fidelity (1989, pp. 17-18). They relate to genes and
memes in different ways but, in accordance with the precepts of Universal
Darwinism, the characterising principles are common, irrespective of the
substrate.
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1.6.3.1 Longevity

This refers to the life-span of an individual copy of a replicator. A gene in
the cells of a human body exists for as long as that body is alive; thereafter, it
decomposes into its component molecules and atoms. Yet that same gene
might exist as copies in countless other bodies, past and present. Given this
distributed occurrence, the continuity of its future existence is highly likely
and so it is, for all practical purposes, immortal. The same is true for other
replicators: a meme we cannot get out of our heads might have similarly
troubled a composer of the eighteenth century. It survived the death of its
composer, it will survive our death, and likely that of its future hosts so, again,
it is effectively immortal. Moreover, the memome-phemotype distinction
(§1.6.1), given current technology, means that while a brain-stored version of
a meme (a memome) faces numerous threats to its integrity, its phemotypic
products, such as sounds or images on a DVD or on the internet, are highly
durable.

1.6.3.2 Fecundity

The infectivity of a replicator contributes directly to its survival. If its innate
attributes in some way positively motivate or facilitate its copying, then a rep-
licator’s fecundity will be high. In the case of genes, fecundity usually hinges
upon the contribution of the gene to some survival advantage conferred upon
the organism possessing it and manifested in the organism’s phenotype.?* In
the case of memes, fecundity is usually contingent upon a meme’s perceptual-
cognitive salience — how distinctive or striking it is — and thus its capacity to
stand out from surrounding cultural information. While not in conflict with
the notion of the smallest unit of selection (§1.6.2), and with it gene/meme
selfishness, such replication is collective, rather than individual: in biology, a
gene cannot replicate in isolation; and the processes and products of culture

24 While having no direct analogues in cultural evolution, it is important to acknowledge
here the existence of genetic drift, whereby the frequency of an allele (an alternative gene-
form; see §1.7.2) increases or decreases in a population as a result of random chance. While
“[g]enetic drift, together with mutation and recombination, randomly produces the gametes
that selection can act on” (Masel, 2011, p. 837), it was earlier understood as anti-Darwinian
and anti-adaptationist. Indeed, “[m]ost evolutionists of the 1960s viewed genetic drift only as a
random force of evolutionary change — a prime anomaly under adaptationist hardening ...”.
Yet “[Sewall Wright's] later interpretation of genetic drift invoked this concept primarily as an
aid to an enlarged style of adaptationism, and not as a contrary force in evolutionary change (as
he had originally argued)” (Gould, 2002, p. 555).
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are multimemetic, not unimemetic. In this sense, intra-individual-replicator
cooperation is a microcosm of intra-society-individual cooperation: such
collaboration is a price often worth paying for the individual/selfish benefits
it (statistically) confers.

1.6.3.3 Copying-Fidelity

A subtle balance obtains in the attribute of copying-fidelity. If all replicators
possessed 100% copying-fidelity (i.e., if they had faultlessly accurate replica-
tion), then evolutionary systems would be static and no responses to external
change would be possible. If all replicators had 0% copying-fidelity, then no
replication would be possible and potentially evolutionary systems would
be too chaotic for the VRS algorithm to be initiated. In biological evolution a
limited degree of copying-infidelity allows for intelligent systemic responses
to environmental change (§7.3.2), such as rising or falling temperatures,
or varying availability of food sources (these constituting what might be
regarded as “hard” environmental factors). In cultural evolution the same
attribute allows for similarly flexible responses to environmental change, the
environment of a meme consisting of other memes in a given culture (what
might be regarded as “soft” environmental factors, the latter analogous to
the environment of a gene consisting also of other genes), together with the
(hard-environmental) gene-determined perceptual-cognitive environment

of the human mind.

1.7 Taxonomy

Taxonomies are not neutral or arbitrary hat-racks for a set of unvarying
concepts; they reflect (or even create) different theories about the struc-
ture of the world. As Michel Foucault has shown ..., when you know
why people classify in a certain way, you understand how they think.
(Gould & Vrba, 1982, p. 4)

Contrary to that normally thought of, taxonomy has been termed “the world’s
oldest profession” (Serrat, 2010, p. 1), because its concerns — the urge to
sort and classify objects and phenomena in the world around us — appear
universal in human cultures. This stems, perhaps, from the innate gestalt-
psychological tendency to separate and group that which we perceive (Rey-
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brouck, 1997; Guberman, 2017). I explore the issue in some detail here
because much of what is said about taxonomy in biology is also applicable
to culture, albeit with significantly more difficulty on account of the faster
and more convoluted nature of cultural evolution.

Taxonomy is central in biology because an important foundation for the study
of living organisms is understanding how they are related to each other and
thus what similarities and dissimilarities exist between them. Indeed, one of
the key stages in the progress of biology as a discipline was the development
of a formalised system of taxonomy, and an associated (“binomial” — genus-
species, “Homo sapiens”) nomenclature, by Carl Linnaeus (1707-1778). Not
only does the categorisation of organisms into (morphological) types allow
the natural world to be studied in a systematic and structured way; it also
affords evidence for lines of evolutionary development and relationship, an
aspect central to some approaches to classification.??

The issue of taxonomy is relevant throughout this book because if we are pos-
iting a Universal-Darwinian relationship between nature and culture (§1.5),
and if the study of the natural world is facilitated and illuminated by a taxo-
nomic perspective, then the same may well be true of cultural phenomena. Of
course, much work in musicology, both historical and theoretical-analytical,
is broadly taxonomic in motivation, from the identification of “schools” and
traditions of composition to the discussion of generic, formal and structural
models and types (Caplin et al., 2009); but it is arguably possible to make
deeper connections between natural and cultural categories. An overview of
taxonomy is therefore given here not only in order to lay the foundations for
the biomusical observations of Chapter 2 and Chapter 5, but also to provide

the context for the application of taxonomy to music-cultural evolution in
Chapter 3 (§3.6).

In biological taxonomy, organisms are associated on the basis of one or more
criteria in order to form a group termed a taxon; and this collection is then
situated at a specific structural-hierarchical level or taxonomic rank. The

number of taxonomic ranks in a taxonomic hierarchy varies according to the

i

%5 The terms “classification”, “systematics” and “taxonomy” are generally used interchange-
ably, the second and third being approaches to achieve the first. The second and third are
sometimes used to mean slightly different things (Ridley, 2004, pp. 683, 689). For present
purposes, however, the nuances are not significant.



46 Music in Evolution and Evolution in Music

Rank Description

One of the three basic categories into
which life on earth may be divided, namely

Domain Archaea, Bacteria (both unicellular proka-
ryotes) and Eukaryota.?®
Animal Plant
Example Example
. Depending upon the system, a five- or six- L
Kingdom part subdivision of the three Domains. Animalia Plantae
El;ylum A subdivision of the Kingdoms, with An-
imalia being divided into c. 35 phylla and
]]?)O.t%ily’ Plantae into c. 14 divisions (A. G. Collins Chordata Tracheophyta
V1 & Valentine, 2001, p. 432).
sion)
Class Intermediate between Phylum and Order. Mammalia Pteropsida
Order Intermediate between Class and Family. Primates Coniferales
Family  Intermediate between Order and Genus. ~ Hominidae Pinaceae
Intermediate between Family and Species
Genus and denoted by the first name in Linnaean ~ Homo Pinus
binomial nomenclature.
Species The ltziwest Ca.tei(.)ry ar.lci denoteci by the [Homo] [Pinus]
second name in binomial nomenclature. sapiens strobus

Table 1.5: Taxonomic Ranks.

particular classification system utilised, and the concepts and terminology
underpinning taxonomic ranks often have varied historical origins, but seven
or eight divisions, or ranks, are common. These categories are often refined
by associated subdivisions, indicated by such prefixes as infra- (below),
parv- (small), sub- (under) and super- (above). The most commonly used
taxonomic ranks are listed and exemplified in Table 1.5 (after Cain, 2020, Tab.
1). Common rank-associated suffixes are underlined in columns three and

four.

For all the apparent clarity of these categories, their definition is often prob-
lematic, an issue perhaps most evident in the middle ranks (Class, Order
and Family), and only partly addressed by their subdivision. This is because

26 Prokaryotic organisms are single-celled and lack a distinct nucleus. Eukaryotic organisms
are single-celled or multicellular and possess a distinct nucleus and other membrane-bound
cell-structures (organelles) (Ridley, 2004, pp. 684, 687; Fitch, 2010, pp. 210-211).
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a taxonomic hierarchy of ranks is an attempt to impose a synchronic, digital
order on a process of diachronic, analogue change, the (fossil) records of
which are, moreover, often incomplete. In particular, modern phylogenetic
approaches (§1.7.1) — which represent evolution in terms of branching trees
(Ridley, 2004, p. 479, Fig. 16.3) and which are informed by molecular evid-
ence —give rise to a greater number of distinctions than can be accommodated
by the standard (Linnean) ranks. Thus, “[w ]e cannot naively say that each
successive branching point (or node) in the phylogeny can have its own
Linnean rank. There are just too many nodes” (Ridley, 2004, p. 483). What
is true of nature is even more so of culture: unconstrained by the temporal-
reproductive constraints of biology, cultural “speciation” involves an even
greater proliferation of nodes.

1.7.1 A Metataxonomy of Taxonomy

There are several philosophically and methodologically distinct approaches
to taxonomy, these being in part the result of the long development of the
sub-discipline over time. An unfortunate consequence of its diverse, even
fragmented, traditions is that, in Dawkins’ view, taxonomy is “one of the
most rancorously ill-tempered of biological fields. Stephen [Jay | Gould has
well characterized it with the phrase ‘names and nastiness”” (Dawkins, 2006,
p- 391). It is important to understand the differences behind the distinct
schools of taxonomy, and their motivations, in order to determine which, if

any, aligns optimally with a Universal-Darwinian focus.

Much of the “nastiness” of which Gould speaks stems from disagreements
over the extent to which taxonomy should be guided by the insights of evol-
utionary thought. Some approaches hold, even at the risk of circularity, that
all taxonomic practice (that is, the categorisation of resemblances) should
both draw upon and validate Darwinian evolutionary theory. Others believe
that taxonomic practice should be conducted without such theoretical frame-
works, lest evolutionary preconceptions bias outcomes — even though most
advocates of this second approach would certainly not deny the existence
and relevance of evolution itself (Dawkins, 2006, pp. 391-392). In this sense,
the fundamental distinction in biological taxonomy is between essentially

static (synchronic) and dynamic (diachronic) methods of classification: in
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a “metataxonomy” of taxonomic traditions, Ridley states that “two main
methods are used to classify species into groups: the phenetic and the phylo-
genetic methods” (2004, p. 472; emphases in the original); and that while
“[t]he phenetic and phylogenetic principles are the two fundamental types
of biological classification, ... three schools of thought exist about how clas-
sification should be carried out” (2004, p. 474). This metataxonomy can be
summarised as follows:

Phenetic methods avoid evolutionary preconceptions in examining relationships,

using measurements of morphological similarity to determine groupings:

e The most rigorous advocates of phenetic principles constitute the school
of Numerical Taxonomy (Sneath & Sokal, 1973), which uses detailed statist-
ical analysis of measurements in order to create indices of morphological
(as opposed to genetic-evolutionary) affinity and proximity in multi-
dimensional space. Because morphological attributes can be captured
via any number of measurements, and because the relative weightings
ascribed to these measurements are ultimately subjective, Ridley argues
that “[p]henetic classification ... is not objective. It can produce classi-
fications, but classifications that lack a deep philosophical justification”
(2004, p. 479).

Phylogenetic methods aim to arrange categories on the basis of evolutionary con-
nections:

e The most systematic school within this method, the cladists (from the
Greek clade (kAadog), meaning branch), seeks to trace evolutionary de-
velopment in terms of branching lineages — the chronological sequences
in which organisms diverge and form discrete groups (i.e., species) —and
to represent them using dendritic (tree-like) diagrams (Hennig, 1999)
(§1.7.2).

A third school is:

o Evolutionary Classification, which synthesises the phenetic and the phylo-
genetic approaches, taking both the observed morphological resemb-
lances of the former and the consideration of evolutionary descent of the
latter into account.
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Considering the history of these approaches, Ridley gives the heyday of
evolutionary classification as the period c. 1930—c. 1980; that of numerical
taxonomy the period c. 1960—c. 1970; and that of cladism, now pre-eminent,
the period after c. 1960 (2004, p. 489).

1.7.2 Concepts of Cladism

While the methodology of pheneticists is in many ways both admirable and
defensible, the rigorously evolutionary orientation of cladism — this unalloyed
with the pheneticist elements of evolutionary classification — perhaps explains
the method’s aforementioned pre-eminence, and aligns most closely with the
Universal-Darwinian focus of this book. In particular, if we accept Teilhard de
Chardin’s assertion (page xxv) that “[e]volution is a light which illuminates
all facts, a trajectory which all lines of thought must follow”, then we have to
accept that all natural categories are products of Darwinian evolution and
no categorisation makes sense — to echo Dobzhansky (1973) — except when
it reflects this process.

The fundamental principles of cladism are: (i) that taxonomic groupings of
species should reflect a hierarchical branching (Darwin, 2008, p. 90), with all
branches deriving from a single common ancestor? represented by the trunk;
(ii) that hierarchical relationships are strictly inclusive, not overlapping (i.e.,
higher branches are “perfectly nested” within their parent lower ones, as
“rings within rings” (Dawkins, 2006, p. 367)), represented in a dendritic
form called a cladogram (thus, a type of dendrogram); and (iii) that for any
group of species there is one and only one evolutionarily correct branching
hierarchy - itself part of “the one true tree of life” (Dawkins, 2006, Ch. 10). A
species divides into two (perhaps because of some environmentally induced
separation) and the “branch” of the parent species gives rise to two “sub-
branches” representing the derived species. Because the new species share a
common ancestor (the parent species/branch), they may be grouped together
to form a clade. Note that cladograms align broadly with the taxonomic
ranks shown in Table 1.5 (Ridley’s point about there being “too many nodes”
(page 47) notwithstanding) by inversion: the trunk of the cladogram maps

27 Life on earth is thought to have arisen (successfully) only once, so all extant species
ultimately share a single common ancestor (Dawkins, 2006, p. 366).
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onto the top of the rankings (domain),?® whereas the uppermost branches
map onto the bottom of the rankings (species) —hence, in part, the biological
concept of descent (Darwin, 2004).

Strict hierarchical inclusion (Dawkins’ “perfect nesting”) is related to the
concept of monophyly in cladistic taxonomy. Two other situations obtain in
regard to categorisation conducted in the light of hierarchical branching,
namely paraphyly and polyphyly. These are defined below and represented in
Figure 1.3 (after Ridley, 2004, p. 480, Fig. 16.4).

Related by Homology: “a character shared between two or more species that was
present in their common ancestor” (Ridley, 2004, pp. 427, 480) —i.e., resemb-
lances resulting from (direct) evolution.

Monophyly: a monophyletic group is “[a] set of species containing a common
ancestor and all its descendants” (Ridley, 2004, p. 686).
“Shared derived homologies [- i.e., “homologies that evolved after the
common ancestor, within the group of species under study” (Ridley,
2004, p. 431) -] are found in all the descendants of the common ancestor”
(Ridley, 2004, p. 480; emphases mine).

Paraphyly: a paraphyletic group is “[a] set of species containing an ancestral

species together with some, but not all, of its descendants. The species
included in the group are those that have continued to resemble the
ancestor; the excluded species have evolved relatively rapidly and no
longer resemble their ancestor” (Ridley, 2004, p. 687).
“Shared ancestral homologies [-1i.e., “characters ... present in the common
ancestor of the group of species under study” (Ridley, 2004, p. 431) -]
are found in some but not all of the descendants of the common ancestor”
(Ridley, 2004, p. 480; emphases mine).

Related by Homoplasy: “a character shared between two or more species that was
not present in their common ancestor” (Ridley, 2004, pp. 427-428, 480) —i.e.,
resemblances (analogies) most often resulting from convergent evolution, these
arising “when the same selection pressure has operated in two lineages” (Rid-
ley, 2004, p. 429).

28 Strictly, it maps onto the superordinate category, life, a category that distinguishes this
sequence of biological rankings from those of non-living things, such as cultural hierarchies
(81.6.2,83.6).
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Polyphyly: a polyphyletic group is “[t]he set of species descended from more
than one common ancestor. The ultimate common ancestor of all the
species in the group is not a member of the polyphyletic group” (Ridley,
2004, p. 687).

Species: Species: 1 23 4
Characters: Characters:
(a) Monophyly; (b) Paraphyly;
Derived Homology. Ancestral Homology.
Species: 1 2 3 4

Characters: a

a

(c) Polyphyly;
Homoplasy.

Figure 1.3: Monophyly, Paraphyly and Polyphyly.
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The concepts of monophyly, paraphyly and polyphyly, and their associated
character/resemblance-types, allow phenetic, cladistic and evolutionary clas-
sification systems (page 48) to be clearly differentiated:

o All three schools accept monophyletic groups; cladists alone reject paraphyletic
groups; and pheneticists alone accept polyphyletic groups.

e Only pheneticists accept homoplasies.

o All three schools accept derived homologies; cladists alone reject ancestral
homologies (after Ridley, 2004, p. 475, Tab. 16.1).

Thus, cladists arguably pursue the most rigorously evolutionary approach,
insisting that the only meaningful groupings are monophyletic and are thus
based exclusively on the derived homologies resulting from direct evolution-
ary descent.

A good example of the differences between monophyletic and paraphyletic
groupings — and therefore between the approaches of cladists and phenet-
icists — is the class (Table 1.5) Reptilia (reptiles), a paraphyletic grouping.
Lizards and crocodiles are sometimes grouped together in this class, but
their common ancestor lived before the common ancestor of crocodiles and
birds. In other words, birds and crocodiles are more closely related — they
form a monophylum — than are crocodiles and lizards, even though (because
of birds’ much more rapid evolution compared to that of crocodiles) cro-
codiles resemble lizards more closely than they resemble birds, and thus
have been linked, paraphyletically, with lizards. Because it is a paraphyletic,
not monophyletic grouping, “[t]he class Reptilia, therefore, is disbanded in
cladistic classification” (Ridley, 2004, p. 482).

One of the main factors in the growth of cladism is the rise of molecular
biology, which, by tracing DNA and protein sequences, affords an additional
category of evidence — in addition to morphological and embryological
data — for the investigation of evolutionary relationships. On the basis that
the smaller the differences between forms of a given molecule the closer
the likely evolutionary connection, morphologically similar organisms with
strong divergences between forms of a specific molecule might be homoplasi-

ous, whereas morphologically dissimilar organisms with strong convergences
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between forms of a specific molecule might be homologous. Nevertheless,
the contrast between the near infinity of potential morphological states and
the relatively limited number of “fixed states” of certain molecules such as
nucleotides and amino acids (four and twenty types, respectively) means that
some molecular evidence is less powerful for resolving the homology /homo-
plasy distinction than morphological evidence, because “it is fairly probable
that the same informational state could independently evolve [homoplasy]
in... two species” (Ridley, 2004, pp. 437-438).

This issue is ameliorated by considering more complex molecules, such as
cytochrome ¢, which has over one hundred amino acids and which exists
in a number of variant forms that result from differences in amino acid
type-position structure (Ridley, 2004, p. 438). Notwithstanding the potential
effects of genetic “dark matter” — the c. 98% of DNA that regulates the c. 2%
of protein-coding DNA (Ahmad et al., 2020; Flores-Ferrer et al., 2021) — and
of epigenetic factors (§1.8), such molecular variants are the consequence
of evolutionarily shaped gene polymorphism. Here, two or more alleles —
alternative, rival forms, these competing to occupy the same locus (position)
on a chromosome (Dawkins, 1983a, p. 283; Griffiths et al., 2015, p. 4) — give
rise to different versions of a given protein and, potentially, to different
phenotypic characteristics. As will be discussed in §3.5.2, the concept of an
allele is relevant to cultural as well as to biological replicators.

1.7.3 Punctuationism wversus Gradualism, The Unit(s) of
Selection, and Taxonomy

In §1.6.2, it was noted that selection appears to operate most powerfully on
the lowest level of a natural hierarchy — on the “selfish gene” as the fun-
damental unit of selection. While, as Table 1.4 shows, this is well below
the level of the group, let alone that of the species, some would argue for a
role for the species in selection, in particular those who advocate the evolu-
tionary doctrine of punctuated equilibrium (“punk eek”, in biologists’ slang)
(Eldredge & Gould, 1972, pp. 78-85; Prothero, 2007). This is the notion that
species are stable for long periods of time — “stasis”, driven by stabilising
selection —and that evolutionary change is concentrated in speciation (species-

forming) events, particularly in cases of allopatric speciation (Ridley, 2004,
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pp. 599-600, Fig. 21.5). The latter occurs where clear ecological/geograph-
ical separation of members of a species leads to evolutionary divergence
(bifurcation) between the original species and the “outgroup”; by contrast,
sympatric speciation relates to evolutionary divergence occurring within the
same location; an intermediate type is parapatric speciation, where the di-
vergent species lives adjacent to its antecedent (Ridley, 2004, pp. 382-383,
Fig. 14.1). From the claims of punctuationism, it follows that the greater
their discreteness and stability, the greater the opportunity for species to
act as units of selection. Punctuated equilibrium is sometimes held to be
opposed to gradualism (sometimes termed phyletic gradualism), which argues
that evolution proceeds steadily and incrementally, and that species, far from
being discrete and stable entities, are merely staging posts on a “smeary con-
tinuum” (Dawkins, 2006, p. 374; Hull, 1976), and so do not possess sufficient
identity and stability to act as units of selection.?’

Atits heart, the debate between punctuated equilibrium and (phyletic) gradu-
alism rests on two distinct senses in which the term gradualism may be
(mis)understood (Ridley, 2004, 601, box 21.1). On the one hand, it may relate
to the rate of evolution. Even extreme phyletic-gradualist neo-Darwinians,
like Dawkins, acknowledge that the speed at which evolution proceeds is
not constant, varying according to such factors as mutation rates and selec-
tion pressures. Adherents of punctuated equilibrium go further, however,
in arguing for the existence of relatively long periods of stasis followed by
relatively rapid change, the latter driven by allopatric speciation: for them,
evolution proceeds not metronomically, and at andante, but in terms of short
spurts of allegro embedded in long passages of adagio. In part, this is a
matter of (time)scale, perspective and granularity: just as a seemingly uni-
fied image on a computer screen will reveal discrete pixels if viewed at close
quarters, so gradualism in evolution will appear increasingly jumpy when
one moves in from expansive to more constrained geological time-frames.

On the other hand, and perhaps more fundamentally, gradualism may relate
to the mechanism of evolution. True mechanistic gradualism — advocated by
both gradualists and adherents of punctuated equilibrium — rejects single-
step selection in favour of cumulative selection. The former accomplishes a

29 Dawkins considers the moral implications of gradualism, particularly the issue of where, if
anywhere, rights start and finish for those creatures closest to humans (2006, p. 373).
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large amount of evolutionary work in a single action (high-level digital);
the latter covers the same distance by a multiplicity of small increments,
each building upon the achievements of its direct predecessor (low-level
digital, high-level analogue) (Dawkins, 2006, pp. 64-65, 70-71). It is in the
nature of evolution that the greater the distance between two states, the
lower the statistical probability of its occurring in one single “move”. The
saltation (large, single-step evolutionary leaps (Dawkins, 1983b, pp. 412—
418)) required to give rise to new organisms of radically different character
has very low statistical probability (Dawkins, 2006, pp. 332-333) because
the resulting “hopeful monsters” (Goldschmidt, in Dennett, 1995, p. 288)
are generally unviable. Renouncing saltation, Carl Linnaeus (1707-1778), an
early advocate of cumulative (in opposition to single-step) selection, insisted
in 1751 that “Natura non facit saltus” (“nature does not make leaps”) (in
Dennett, 1995, p. 288). Indeed, in Dawkins’ view, the “blind watchmaker”
of Darwinism (2006) proceeds exclusively via cumulative selection, this
being the only means of building complexity, irrespective of gradualist-

punctuationist debates on the (relative) speed of the process.*

The implications of this issue for taxonomy are that the neat branchings of
cladograms tend to oversimplify evolution by representing a finite set of
states. They show the beginnings and ends of evolutionary motions — these
terms of course themselves loaded against a gradualist view — but not the
continuum connecting them. Thus an inherent philosophical issue in tax-
onomy is that the very act of labelling an entity and assigning it to a position
on a two-dimensional tree-diagram implies the (single-step) oversimplific-
ation, by time-slicing, of a complex (cumulative) process. In part this is a
consequence of the numerous gaps in the fossil record, which render the
(likely) “smeary continuum” invisible. Such gaps have indeed been used
as evidence in the debate between gradualism and punctuated equilibrium,
advocates of the latter arguing that discontinuities in fossil evidence indic-

ate rapid evolution connecting otherwise static antecedent species to their

30 As a final point in this line of discussion, it is nevertheless clear that the outcome of a
single mutation may sometimes be disproportionately consequential. For instance, Harvey
(2017, pp. 63, 67-74) discusses the effects of single base-pair changes in certain genes that may
have had potentially significant evolutionary consequences for the augmentation of human
cognitive capacity. One such is the Brain-derived neurotrophic factor (BDNF) gene (Harvey,
2017, p. 71), implicated in neural development, memory formation and brain plasticity, and
subject to epigenetic mediation (§1.8; see also note 81 on page 138).
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consequents. The (rate-of-evolution) gradualist alternative would maintain
that a consequent (outgroup) species, gradualistically evolved, might have
re-invaded the territory originally occupied by its antecedent, leaving discon-
tinuity in the fossil record between the antecedent and consequent species,
“because the interesting [gradual] evolution took place elsewhere” (Ridley,
2004, p. 599).

1.8 Lamarckism versus Darwinism in Biological

Evolution

One of the greatest controversies in evolutionary theory was that between
Lamarckism and Darwinism. At a time when the existence of evolution was
increasingly recognised, Jean-Baptiste Lamarck (1744-1829) offered one of
the earliest generally accepted theories to explain it (Lamarck, 2011). While
his ideas were discredited in the late-nineteenth century, some have been
re-examined in the light of modern genetics. The Lamarck-Darwin debate is
significant not merely in terms of the historical development of evolutionary
thought, but because if one is attempting to develop a Universal Darwinism
that subsumes as many substrates as possible, including human musicality
and music, then one needs to be clear on the contribution, if any, of “Universal
Lamarckism” to Universal Darwinism.

Lamarck’s account of evolution is multifaceted, but his most persistent idea
was that of the inheritance of acquired characteristics. Put simply, if an organism
developed a trait during the course of its lifetime — perhaps bigger muscles,
as a result of sustained exertion; or longer arms, as a result of repeated
stretching — then those attributes would, Lamarck suggested, be passed on to
its offspring, conferring upon them, like the inheritance of wealth in human
cultures, a survival advantage in life. One of his most celebrated examples
was the case of the long front legs and neck of the giraffe, which he believed
had evolved because successive generations of giraffes had struggled to reach
the highest leaves of tall trees. Their exertions had, little by little, stretched
their front legs and necks (“ses jambes de devant sont devenues plus longues
que celles de derriére, et que son col s’est tellement allongé”) and these traits
were passed to their offspring, who were able to pick up where their parents
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had left off (Lamarck, 2011, pp. 256-257). For such cases of inheritance of
features augmented by use, there are also converse cases of those diminished
by disuse.

In distinct contrast to this “soft inheritance”, Darwinism’s “hard inheritance”
(E. Mayr, 1982, p. 687) holds that an organism’s attributes (while to some
extent environmentally malleable) are genetically coded for at conception,
and this code cannot be “back-altered” by the environment. So central to
modern Darwinism is this principle that Dawkins concedes that “I can think
of few things that would more devastate my world view than a demonstrated
need to return to the theory of evolution that is traditionally attributed to
Lamarck” (1983a, pp. 164-165). Lacking understanding of genetics, Darwin
was not able convincingly to rebut Lamarckism in his lifetime; indeed, in
response to criticism of his ideas, he became progressively more Lamarckian
in subsequent editions of On the origin of species: Darwin produced six in
total, these appearing in 1859, 1860, 1861, 1866, 1869 and 1872 (Darwin, 2006;
Darwin, 2012), each arguably slightly more Lamarckian than its predecessor.

Nevertheless, the integration, pioneered by Ronald Fisher (Fisher, 1930)
in the 1930s, of Darwin’s observations on morphological change with the
foundational research of Gregor Mendel in genetics (Mendel, 1901) — the
“Modern Synthesis” (Ridley, 2004, pp. 14-15) — made Lamarckism incompat-
ible with the “Central Dogma” of modern genetics. This holds that there is —
to use Weismann'’s distinction first articulated in 1885 — a “germ line” (the
line of the genome, carried by sperms and eggs), and a “soma line” (the
line of the phenotype, an expression of the genome in interaction with the
environment); and that the former is connected to the latter by a strictly
one-way arrow (E. Mayr, 1982, p. 700). In Crick’s formulation, nucleic acids
make proteins, not vice-versa: thus, “the amino acid sequence in a protein
cannot be reverse-translated into DNA or RNA” (Jablonka & Lamb, 2014,
p- 150). In terms of concepts discussed in §1.6.1, the germ line is that of the

replicator whilst the soma line is that of the vehicle.?!

31 Some species, most notably certain plants, nevertheless have a capacity for somatic em-
bryogenesis, where “a new generation may be formed from cells other than those in specialized
reproductive organs” (Ridley, 2004, p. 296).
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This, it might seem, makes the issue cut-and-dried; but some aspects of
genetics, discussed from the time of the Modern Synthesis, appear to leave
the Lamarckian door ajar, if only slightly. Through this door, epigenetic
inheritance — inheritance “in addition to the gene” — might enter. This notion
describes the “soft” transmission of information from one cell to another
or from one organism to another, in ways that are separate from the “hard”
transmission of the DNA (germ) line. As Jablonka and Lamb argue,

[a]though their DNA sequences remain unchanged during development,
[specialised soma] cells nevertheless acquire information that they can
pass to their progeny. This information is transmitted through what are
known as epigenetic inheritance systems (or EISs for short).... evolution is
possible on the basis of heritable epigenetic variation, even when there
is no genetic variation at all. (Jablonka & Lamb, 2014, pp. 111, 112;
emphasis in the original)

Jablonka and Lamb (2014) identify four mechanisms for epigenetic inherit-
ance, which they regard, like genetic inheritance, as a form of information
transmission: (i) self-sustaining loops (where the activation of a specific gene
in a parent cell is transmitted to daughter cells as a form of “cell memory”
(2014, p. 117)); (ii) structural inheritance (where “three-dimensional tem-
plating” motivates the replication of some acquired cell structure (2014,
p. 120)); (iil) chromatin marking (where certain molecules attached to DNA
affect its expression (2014, p. 126)); and (iv) RNA interference (where certain
small RNA molecules cause the “stable and cell heritable silencing of specific
genes” (2014, p. 131)). Mechanisms (i), (iii) and (iv) mediate — by activation
or silencing — the expression of genes, which devolves to the types of protein
the DNA-segment codes for. The third of these mechanisms is of particular
interest in the Lamarckism-Darwinism debate.

This third mechanism is driven by the process of chromatin marking. One way
of understanding a chromosome is to regard it as consisting of two broad cat-
egories of molecules: the DNA (from which genes are built), and everything
else. The “everything else” consists of molecules such as RNA, proteins, and
various other chemicals. Together, DNA plus the “everything else” constitute
chromatin, the material constituting chromosomes. One specific chromatin-
marking EIS, methylation, involves the “labelling” of certain cytosine nuc-
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leotides in C-G pairs (see note 18 on page 30) with molecules from the
non-DNA chromatin, specifically with a methyl group (CHj). Methylation
results from a variety of complex internal and external (environmental)
causes, and is entirely natural: it is an important element of cell metabolism
and development; and errors in methylation are believed to be a cause, or
an effect, of the ageing process. Nevertheless, methylation affects certain
components of DNA in ways that usually suppress their expression in cells.
For present purposes, chromatin marking provides a mechanism whereby an
acquired characteristic — the phenotypic consequences of gene suppression
via environmentally induced methylation — is not only manifested in the in-
dividual acquiring that characteristic, but it is also potentially transmissible
to that individual’s descendants.

The latter property results from the fact that epigenetic transmission may
occur not only via the soma line, but also, crucially, via the germ line. That
is, not only are such (category (iii)) epigenetic changes transmissible to
daughter cells, as a result of normal soma-cell division within an individual
organism'’s tissues; but they are also able to be transmitted from an organism
to its descendants. The mechanisms for this are imperfectly understood,
but it appears that, in one process, chromosomes in gametes (sex cells, car-
rying the germ line) are marked — “imprinted” (Jablonka & Lamb, 2014,
p- 137) — by differential patterns of methylation. Sometimes this differential
is correlated with sex, which some believe affords an explanation for the
fact that the offspring of a female horse (Equus ferus caballus) and a male
donkey (Equus africanus asinus) (a mule) and the offspring of a male horse
and a female donkey (a hinny), while genetically identical, are nevertheless
phenotypically very different (Jablonka & Lamb, 2014, p. 136). It is thought
that their male and female chromosomes are somehow “tagged” differently
by methylation and that this leads to gross differences in gene expression in
their offspring. Indeed, “[w Jhen a chromosome passes from one sex to the
other [such as a male-gamete chromosome ending up in a female offspring],
the [methylation] marks that it originally carried are erased, and new sex-
specific marks are established” (Jablonka & Lamb, 2014, p. 137; see also Wei
etal, 2014). A related phenomenon is the commonly observed difference
in the flower-shape of the Toadflax (Linaria vulgaris), where both normal

and “peloric” (“monstrous”, i.e., unusually spherical) flower-forms exist



60 Music in Evolution and Evolution in Music

(Jablonka & Lamb, 2014, pp. 138-139, Fig. 4.9). As in the equine examples,
such stably transmitted variants, equivalents to which occur in other plant
species, do not result from genetic differences: “[t]he morphological [pheno-
typic] change [is] due not to a [gene] mutation, but to an epimutation: the
pattern of methylation of a particular gene in the normal and peloric plants
[differs]” (Jablonka & Lamb, 2014, p. 139).

Both these examples seem dangerously close to suggesting that the epigenetic
inheritance of acquired characteristics —a normal-flowered Toadflax plant can
revert during the course of its life to a peloric form — is a seemingly Lamar-
ckian process (Dawkins (1983a, p. 164) discusses a similar “Lamarckian
scare”). In fact, there are two reasons to dismiss such illusory Lamarckism.
First, even though epigenetic factors may mediate gene expression, genes are
still the foundations on which the biological inheritance system is built. They
remain the fundamental unit of selection — the optimon (§1.6.2) — because
epigenetic markers, unlike DNA, cannot carry the vast quantity of informa-
tion necessary to build the “survival machines” (vehicles) (Dawkins, 1989,
p- 19) that ensure gene (replicator) transmission. Secondly, even though the
gene-as-optimon is the fundamental unit of selection, it is gene products (in
phenotypes) that are actually selected for or against. Because a Universal-
Darwinian system is agnostic as to the means by which variation, replication
and selection occur — it does not, strictly, require a distinction between rep-
licators and vehicles — it follows that, while gene-based VRS is Darwinian,
non-Gene based (or non-exclusively gene-based) VRS is not necessarily non-

Darwinian.?

While the existence of epigenetic inheritance may certainly pose a challenge
to the supremacy of the gene, it does not in the slightest undermine the
(substrate-neutral) VRS algorithm itself. Epigenetics simply claims that,
while the key elements of the VRS algorithm in terrestrial biology are im-
plemented via gene-based processes, other mechanisms, such as methyla-
tion-induced phenotypic changes, should also be acknowledged as potential
causes of variation. In this sense, epigenetic inheritance is as much Dar-

32 This fact allows Jablonka and Lamb (2014, pp. 112-116) to imagine the fictional planet
of Jaynus, where all life-forms are genetically identical, and where epigenetic factors alone
drive the variation upon which Darwinian natural selection operates. This non-gene-based
Darwinism gives rise to a plethora of diversely formed and beautifully adapted creatures.
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winian (and is as much non-Lamarckian) as is genetic inheritance: both
mechanisms spawn variation, this variation is able to be replicated, and the
variants are selected from according to some adaptive constraints.

Lastly, a further issue in the Lamarckism-Darwinism debate relates to an-
other means, broadly analogous to that underpinning epigenetics, whereby
the expression of a gene is potentially mediated by acquired, non-genetic
factors. The “Baldwin Effect” (first theorised by James Baldwin (1861-1934))
is distinct from epigenetic inheritance because the acquired characterist-
ics it encompasses are culturally, not biologically, inherited, via some form
of learning (Sznajder et al., 2012). As cognitive/psychological rather than
morphological enhancements, they constitute a factor in Darwinian natural
selection because they potentially advantage the genes of the organism that
has learned the behaviour, provided the behaviour were in some way adapt-
ive. If the learned behaviour were also transmissible — if it did not have to be
learned afresh, but could be passed on from one individual to another by
imitation — then it would represent an example of memetic inheritance and
would therefore make this particular category of Baldwinism an example of
gene-meme coevolution (§3.7), one with perhaps particular significance for

the evolution of creativity (see also §5.5.2).

The distinction between genetic and epigenetic inheritance and their relation-
ship to memetic transmission, is considered further in §3.4.3 and §4.4.1.1.

1.9 Summary of Chapter 1

Chapter 1 has argued that:

1. Evolutionary theory has the power to illuminate our understanding of music-
ality and music; conversely, light can be shed on evolutionary theory by the

study of musicality and music.

2. The VRS algorithm operates not just in biological evolution on earth, but also in
cultural evolution. Indeed, according to the precepts of Universal Darwinism,
it operates in any substrate anywhere in the universe where the VRS algorithm
is capable of being initiated and sustained. It is the driving force behind a

recursive ontology connecting all phenomena in the universe.
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3. In addition to the fundamental elements of the VRS algorithm, various other
phenomena appear common to a number of evolutionary systems, such that
they appear core to any definition of Universal Darwinism. These include
a distinction between replicators and vehicles, a tendency for evolutionary
systems to form multilevelled structural hierarchies, a focus upon the smallest
unit(s) of selection, and the presence of the invariant replicator attributes of

longevity, fecundity and copying-fidelity, irrespective of the substrate.

4. There are a number of distinct approaches to taxonomy, but that built upon
charting evolutionary relationships, cladism, appears most powerful in biolo-

gical and — as will be argued in Chapter 3 — cultural classification.

5. While the war between Lamarckism and Darwinism appears essentially won,
and while Darwinism appears the clear victor over the core territory, skirmishes
continue to occur at the periphery that indicate debate over the continuing
relevance of a limited degree of Lamarckian transmission. Even epigenetic in-
heritance can be understood as conformant with Darwinism, not contradictory

to it.

Chapter 2 will explore what is known of how humans came to be so musical,
given that none of our primate cousins has anything approximating our level
of facility and creativity with organised sounds. It will: consider what is
and is not music; evaluate non-evolutionary and evolutionary explanations
for musicality; trace our physical and social evolution from humans’ earliest
common ancestor with chimpanzees (delving briefly into sound archaeology
as evidence for the sonic markers of this evolution); ask why music (initially
vocal, but subsequently also instrumental) is so important to the history,
and the survival, of our species; and examine the evolutionary relationships
between music and language (both understood as forms of communicative
vocalisation), this concluding with a consideration of the physical markers
this evolution has left in the form of the various brain structures and systems
responsible for processing music and language.



2. The Evolution of Human Musicality

Although all of the mechanisms involved in music perception and pro-
duction may be grouped together, for convenience, as ‘the music faculty’
or ‘the capacity for music’, it is important to remember that different
components of this capacity may have different evolutionary histories.
Thus, discussing ‘Music” as an undifferentiated whole, or as a unitary
cognitive ‘module’, risks overlooking the fact that music integrates a
wide variety of domains (cognitive, emotional, perceptual, motor, ...),
may serve a variety of functions (mother-infant bonding, mate choice,
group cohesion ...) and may share key components with other systems
like language or speech. (Fitch, 2006, p. 174)

2.1 Introduction: What Is and What Is Not Music?

Of all creatures on earth, humans are the most musical. Of course this
statement is inherently solipsistic, since we as humans define what does and
does not constitute music and, in a related assessment, we ultimately judge
what is and is not (musically) creative (§5.5). As will be explored in Chapter
5, members of certain animal groups — most notably a number of bird and
cetacean species — are capable of producing structured sound sequences that
transcend their innate (genetic) capacities and that, to the human ear, have

many attributes of music. Indeed, as Jerison asserts,

[t]here is no real question that we share with other mammals the basic
bodily structures used to vocalize and generate musical sounds and
thus share with other species many aspects of our capacity for musical
expression. We are evidently unique, however, in the way we know (i.e.,
‘cognize”) and understand sounds as musical.... the biological basis of
our musical experience is related to the biology of human intelligence;
that is, to our capacity to know the external world. (Jerison, 2000, p. 178)
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Thus, how non-human animals cognise their sound-producing activities, if
they do so in any structured, “conscious” way at all, is likely to be very differ-
ent from how humans conceive the sound sequences we regard as musical.**
This is because human music is a mixture of the intentional (Dennett, 1989)
and the aesthetic (Dahlhaus, 1982; Scruton, 1997). The highest and most
abstract level of a hierarchy consisting of (at the bottom) the “physical stance”
(where, for a relevant system, one must employ “knowledge of the laws of
physics to predict the outcome for any input”), and (above that) the “design
stance” (where one predicts that a system “will behave as it is designed to
behave [including design by evolution] under various circumstances”) (Den-
nett, 1989, pp. 16, 17; emphasis in the original), the (top-level) “intentional

stance” requires that

first you decide to treat the object whose behavior is to be predicted as
a rational agent; then you figure out what beliefs that agent ought to
have, given its place in the world and its purpose. Then you figure out
what desires it ought to have, on the same considerations, and finally
you predict that this rational agent will act to further its goals in the light
of its beliefs. A little practical reasoning from the chosen set of beliefs
and desires will in many — but not all — instances yield a decision about
what the agent ought to do; that is what you predict the agent will do.
(Dennett, 1989, p. 17; emphasis in the original; see also Dennett, 1988)

While the non-human animal groups referred to above might possess at least
some degree of intentionality, it is doubtful they experience anything analog-
ous to an aesthetic sense (unless the aesthetic is regarded as an extension of
sexual-selective tendencies (§2.5.3)). Thus - to return to Jerison’s distinction
between the ability to produce sounds (the capacity for intentional sound-
structuring; musicality); and the capacity to comprehend sounds in specific
ways (the ability to deploy cognition in order to process them intellectually
and aesthetically; as music) — it is clear that humans are superior to all other

organisms on earth in terms of our ability to organise sounds in a multitude

33 As a further complication, some objects or experiences regarded, or certainly presented, as
music lack that which most humans would regard as an essential prerequisite, namely sound
itself. John Cage’s 4'33” is perhaps the obvious case in point, but more recent composers,
including Peter Ablinger, have coded as musical things that cannot or do not produce any
sound; or they have attempted to draw a distinction between (musical) sounds experienced in
an aesthetic context and other sounds, even noises, experienced in different contexts (Ablinger,
2013; see also Velardo, 2014).
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of inventive and expressive ways in order to define and transmit our emo-
tions, thoughts, beliefs and cultures; and then to reflect coherently upon the
products and consequences of this behaviour — even if some other species

are closer to us in these regards than we might comfortably admit.

This chapter considers, insofar as currently available evidence permits, how
and why the various human capacities that subserve musicality have arisen
over the course of our evolutionary history. It takes musicality to be, certainly
initially, vocality: while a good proportion of the world’s musics involve
instruments,* the first music, what we might regard as a form of singing,
grew out of pre-musical and pre-linguistic utterances. Later, objects were co-
opted to support dancing and to imitate vocal sounds. It is difficult to ascribe
priority, but it appears likely that such early “instrumental” music included
both percussion and wind instruments. On the former, it is evident that some
of our primate cousins sometimes beat their own bodies and other objects
percussively (§5.3.4), so it is reasonable to infer that early hominins did the
same, perhaps as an accompaniment to vocalisation and to the movements
and gestures of dancing (§5.1). On the latter, there is a growing body of
evidence for the existence of various early bone and ivory flutes, even though
there is ongoing debate as to the chronology of some of these candidate
artefacts.®

34 Indeed, by the beginning of the nineteenth century, Europe witnessed the “emancipation
of instrumental music” from vocal models (Dahlhaus, 1982, p. 24).

35 By convention, the prehistory within which the developments discussed in this chapter
occurred is divided — necessarily imprecisely, and varying according to geography — into the
Stone Age (units are MYBP (Million Years Before Present; the “present” taken as the year 1950))
(c. 3.300-0.008 [i.e., 3,300,000-8,000 years ago]), the Bronze Age (c. 0.008-0.003), and the Iron
Age (c. 0.003-0.002). The Stone Age is itself divided into the Palaeolithic (c. 3.300-0.015), the
Mesolithic (c. 0.015-0.012), the Neolithic (c. 0.012-0.010 years BP), and the Chalcolithic (c. 0.010-
0.008). The Palaeolithic is itself divided into the Lower Palaeolithic (c. 3.300-0.300), the Middle
Palaeolithic (c. 0.300-0.050), and the Upper Palaeolithic (c. 0.050-0.015) (Fitch, 2010, p. 209, Fig.
5.1; Fagan & Durrani, 2020; Wikipedia, 2020). The Palaeolithic is loosely contemporary with the
Pleistocene (colloquially, the “Ice Age”) (c. 2.600-0.0118), this being a geological, rather than a
natural/cultural-historical, category. The coalescence of the substrates for human musicality
is thought to have occurred in the Middle Palaeolithic, with the aforementioned “pre-musical
and pre-linguistic utterances” appearing before c. 0.200. The “emergence of modern syntactic
language and articulate speech, increased memory capacity, new patterns of technology and
social organization, the evolution of a modern cortical interconnectional architecture, enhanced
and more adaptable intercellular communication, and along with all of this, the origin of the
modern human mind” (Harvey, 2017, p. 75) occurred before the transition from the Middle to
the Upper Palaeolithic (c. 0.050), perhaps c. 0.070-0.060, and was broadly coincident with our
species’ founder population’s move out of its birthplace, Africa (Bannan, 1999; Stringer, 2003;
Harvey, 2017, p. 86; Harvey, 2018, p. 2). The earliest evidence for this “modern human mind”
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The chapter continues by considering categories of explanation for musicality,
comparing non-evolutionary with evolutionary varieties (§2.2). It moves
on to survey, necessarily briefly, certain evolutionary developments in the
lineages that led to modern humans and the varying potentially music/
musicality-related morphological, behavioural and social changes that ac-
companied (or perhaps drove) those developments (§2.3). The following
section assesses the material evidence, assembled by the interdiscipline of
sound archaeology, for sound-making by our ancestors that might have been
fostered by the hypothesised evolutionary changes underpinning musicality
(§2.4). The next section considers, under the rubric of aptation — an expan-
sion of the notion of adaptation to encompass later re-purposings of features
evolved earlier for other purposes — to what extent musicality and music
were advantageous to our species (§2.5). Then the issue of instrumental
music is examined, relating the nature of early instruments to the previously
corporeal basis of music-making (§2.6). Thereafter, the chapter turns to the
important issue of music and its evolutionary relationships with language,
arguing that it is meaningless to consider the evolution of one without also
considering that of the other. Here the specific issue addressed is the hypo-
thesised common origin of music and language, in the form of what some
term “musilanguage” (Brown, 2000, p. 277) (§2.7).

2.2 Non-Evolutionary and Evolutionary Explanations

for Musicality

While this book is self-evidently concerned with exploring evolutionary ex-
planations for musicality and music, it is important to admit the possibility
that they have no such basis — that they are the effects of non-evolutionary
causes, or indeed that they are the effects of a mixture of non-evolutionary
and evolutionary causes. Note that this distinction relates to the second and
third of Tinbergen’s (1963) four categories of explanation for biological ques-
tions. These “four whys”, in Fitch’s terms/sequence (Fitch, 2006, pp. 174-175;
see also Fitch, 2010, pp. 68-70), are: (i) mechanistic (“causation” in Tinbergen
(1963, p. 413)); (ii) developmental (“ontogeny” (1963, p. 423)); (iii) phylogen-

in the form of musical instruments — this more tangible than evidence for vocality — has been
dated somewhat later, at c. 0.040 (§2.6). See Table 2.1.
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etic (“evolution” (1963, p. 427)); and (iv) adaptive (“survival value” (1963,
p- 417)). The first two constitute — in a reference to the Aristotelian underpin-
ning of Tinbergen’s framework (Dennett, 2017, p. 33) — what are sometimes
termed “proximate” causes, and the second two “ultimate” causes (Hladky
& Havli¢ek, 2013). Given Dobzhansky’s injunction that “nothing in biology
makes sense except in the light of evolution” (1973), the latter two — adapt-
ation, driving phylogeny — must surely take precedence, notwithstanding
Fitch’s view that “all four types of question are equally valid and interesting”
(2006, p. 175).

Foley (2012, pp. 49-50) offers a useful taxonomy of the issues involved in this
distinction, identifying both non-evolutionary and evolutionary explanations

for the origin of musicality (see also Honing, 2018a).
o Non-Evolutionary: Musicality has/had No Adaptive Benefit/Function

1. Musicality has (and, by implication, had) no adaptive function, arising
merely as a by-product of attributes evolved/adapted to serve other pur-
poses (Pinker’s “Auditory Cheesecake” hypothesis; §1.1.2, §2.5).

2. Musicality had no adaptive function, but its substrates were subsequently
exapted (redeployed for other purposes) (§2.5.1), which then conferred a

selective advantage.
e Evolutionary: Musicality had /has Adaptive Benefit/Function

1. Musicality arose as a result of sexual selection, serving to advertise genetic

superiority to potential mates (§2.5.3).

2. Musicality arose to foster group cohesion, its rhythmic aspects in particular

serving to bind individuals into a collective enterprise (§2.5.2).

3. Musicality arose as a content-focused, information-signalling system, even-

tually bifurcating into music and language (§2.7).%

A number of interconnecting cautions are necessary, however, these sugges-
ted by the quotation at the head of this chapter. Firstly, whatever its origins,
musicality — what Fitch (2006, p. 174) terms “‘the music faculty’ or ‘the

36 While the first two items in this sub-list also refer to the communication of information, this
third category refers to the communication of more specific propositions (Foley, 2012, p. 50).
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capacity for music”’ - is complex and multi-faceted.?” It consists of a range
of interlocking competences that implicate hearing, perception, cognition,
memory (cognitive and embodied /muscular), vocal production, rhythmic-
muscular action, abstract social-relational proficiencies, affective states, and
others. In this sense, musicality is a “mosaic” (Foley, 2012), upon each tessera
of which Darwinian selection acted independently; and not a unified entity
upon which selection operated monolithically — it “is more a cognitive toolkit
than a single tool” (Savage et al., 2021, p. 3). Moreover, and secondly, one or
more of the brain or body structures that currently subserve musicality may
not originally have arisen to do so: something that subsequently became
pressed into the service of musicality may initially have been selected for
a different function (assuming we can ever securely know the functions
hypothesised and/or extant competences served in early human societies);
it may have been exapted for use in musicality (Gould & Vrba, 1982), rather
than adapted for it (§2.5.1). Underpinning these two points, and as a third,
the genetic variation upon which selection acts often affects a number of
biological systems and functions that are implicated in a range of attributes
and competences, many of which may not have related to musicality during
the period of selection. Thus, while musicality as we understand it draws
upon many substrates, it is only one of a multitude of interconnected human

abilities upon which selection operates (Bickerton, 2000, pp. 156-157, 160).

Of course much of the previous paragraph relies on our conception of music-
ality and, by extension, that of music. For the former, it is not entirely clear
what competences (exclusively) constitute musicality, because — for reasons
discussed in the previous paragraph — many that are pressed into its service
also do double-duty in other areas of our lives. For the latter, we need to be
careful not to universalise the western European model of musical culture
that, certainly in much scholarship on “art” music, sees it as channelled into
author-associated “works” (Goehr, 1992), which are the focus of econom-
ically mediated interactions between performers and listeners, and which
underpin a notion of canonicity (Bergeron & Bohlman, 1992). Instead, it

is necessary to attempt to understand what features, if any, are common to

37 If musicality preceded linguisticality — as is argued in §2.7 — the same is true of what might
be termed “the language faculty” or “the capacity for language”, as a set of competences derived
from and substantially overlapping with musicality, and to which many of the points in this

paragraph apply.
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”

the musics of all human societies. The search for such “musical universals
is fraught with controversy (Nattiez, 1990, pp. 62-68), and is impeded by
the fact that many musical cultures do not have a word equivalent to the
“music” (or its counterparts) of Indo-European languages. This is partly
because music and ritual are inseparable in surviving tribal cultures: for
such cultures, to separate singing, instrumental sound-production, dancing,
religious ritual and group bonding is meaningless, because all these consti-
tute elements of a holistic, performative social activity. I return to the issue
of musical universals in §2.5.5.

2.3 Hominin Evolution from Australopithecus

afarensis to Homo sapiens

It is necessary briefly to summarise the biological-evolutionary changes
that provided the foundation for human music-language cultural evolution.
Table 2.1, after Foley (2012) and Smithsonian Institution (2019), outlines the
principal members of the hominin lineage leading up to Homo sapiens (see
also Sawyer et al., 2007).3 Note that the overviews of pre-human species’
characteristics in the “attributes” column are necessarily speculative, given
that the fossil record permits only a limited reconstruction of their likely

morphology and cognitive/socio-cultural development.

The salient developmental events linking the last common ancestor of Homo
sapiens and Pan troglodytes (chimpanzee) to the first cognitively modern
humans appear to have been as outlined in the following subsections. It
is important to note that the concepts identified below do not characterise
separate and distinct evolutionary stages, but overlapping segments on a
continuum that is still imperfectly understood. Moreover, there is disagree-
ment over the chronological priority and evolutionary significance of the
phenomena discussed, particularly communal living (§2.3.2), infant altri-
ciality (§2.3.4), and “vocal grooming” (§2.3.5), which are thought to have
interacted in complex ways. The following discussion attempts to correlate

38 Not all known/ posited species are indicated in Table 2.1. Omitted, for instance, is Homo
antecessor (Foley, 2012, p. 35, Fig. 2.1), which some regard as the last common ancestor of Homno
neanderthalensis and Homo sapiens (Bermudez-de-Castro et al., 2017, p. 27; see also Fitch, 2010,
p- 234). Table 2.1 attributes this status to Homo helmei or to Homo heidelbergensis.
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Era (Million  Species Extant Attributes
Years BP) (Million
Years BP)
Partly or wholly bipedal. Antecedent (Australopithecus anamensis) and des-
Lower Australopithecus ¢ 3.900-c. cendant Q»:m@&o.nn:mm:m @nznm::mv species known (Smithsonian Institution,
- ) 2019). Some similar species are assigned to the genus Paranthropus (Foley,
Palaeolithic afarensis 2.900
(c. 3.300- 2012, p. 38).
c. 0.300) Earliest extant member of the genus Homo, but ancestry (perhaps australo-
Homo habilis ¢ 2.400c. _u:rmﬁbo. or ﬁmmmbagoﬂxbmv is C.SWDOE.P .HD:S:% thought to be the m:..ﬁ
1.400 tool-making Homo species, but this practice is now thought to pre-date evid-
’ ence for the earliest Homo (Smithsonian Institution, 2019).
Few differences are evident between Homo habilis, Homo rudolfensis and
Homo rudolfensis c. 1.900—-c. australopithecines, and some advocate removal from Homo (Foley, 2012,
1.200 p- 40).
Some regard Homo erectus as a variant form of Homo ergaster. Others see
them as separate, with Klein regarding Homo erectus as a distinct Asian
species, one perhaps aetiologically antecedent to Homo ergaster, which he
Homo erectus/Homo c. 1.900-c. terms “African H. erectus” (2009, p. 305; see also Foley, 2012, p. 35, Fig. 2.1; p.
ergaster 0.400 38). A candidate ancestor of Homo heidelbergensis (Foley, 2012, p. 48, Fig. 2.4).
Hypothesised to have been the first vocal-learning (§2.7.5) Homo (Mithen,
2006, p. 158; Merker, 2012, p. 233; see also point 9 of the list on page 139).
Localised to south-east Asia. Dwarf, compared with Eurasian species of
Homo floresiensis c. 0.190—. Homo, perhaps on account of resource limitations (Smithsonian Institution,
0.050 2019).

(a) Australopithecines and Smaller-Brained Homo.
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the hypothesised morphological and socio-cultural changes with potentially

associated developments in the evolution of musicality.

2.3.1 Bipedalism

The evolution of bipedalism — consolidated in Australopithecus afarensis c. 2
MYA (million years ago) (Fitch, 2010, p. 259) — was associated with move-
ment from a predominantly arboreal lifestyle to one of savannah (grassland-
plain) dwelling (Mithen, 2006, pp. 144-145). The picture is complicated
and, according to Mithen (2006, p. 144), occurred in two stages. In the first
stage, hypothesised by Hunt (1994), bipedalism may have initially evolved
to facilitate fruit-picking in species that otherwise moved predominantly
using a combination of quadrupedal “knuckle-walking” and brachiation
(swinging from branch to branch using the arms). Hunt (1994) observed
that this type of object-grasping is a behaviour still manifested in modern-day
chimpanzees, who sometimes stand on the ground using their feet in order
to reach the fruit of small trees using their hands. Such “bipedal shuffling”
avoids the energy expenditure of repeatedly raising and lowering the body,
and it facilitates using the hands for grasping — both a tree’s branches (for
stabilisation) and the fruit itself (Mithen, 2006, p. 145).%

In the second stage, full bipedalism may have arisen as a response to the
spread of savannah landscapes, these perhaps appearing as a consequence
of global temperature rises thought to have occurred c. 2 MYA, which would
have reduced forestation and fostered the spread of more drought-resistant
plants such as grasses and low-growing, small-leaved shrubs (Mithen, 2006,
p- 145).%0 In such environments, and lacking the cooling shade of densely
clustered trees, bipedalism reduced heat stress by focusing sunlight primar-
ily on the head and shoulders, rather than on the whole back (as occurs in
knuckle-walking quadrupedal primates) — what Wheeler terms the “stand
tall and stay cool” hypothesis (in Mithen, 2006, p. 145). For Fitch, the argu-
ment for “habitual bipedalism” in Australopithecus afarensis, one supported

3 Bipedal shuffling in Australopithecus, while having a genetic underpinning, might also
have been culturally transmitted between conspecifics, potentially leading to some Baldwinian
enhancement of the behaviour’s genetic basis (§1.8).

40" A more recent theory argues that cosmic radiation from supernovae c. 2.6 MYA led to more
frequent lightning and an increase in the number of wildfires, thereby reducing the density of
forestation (Melott & Thomas, 2019).
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by skeletal morphology, is “clinched” by some fossilised footprints found
in Kenya, which appear to indicate tracks formed by two upright-walking
individuals as long ago as 3.6 MYA (2010, pp. 259-260).

Beyond the perspectival shift — the move away from a “mostly two-
dimensional world” (Bannan, 2019, p. 8), with all the cognitive expansion
that implies — another consequence of the various anatomical and physiolo-
gical changes bipedalism impels is of particular relevance to the evolution of
musicality (and to that of the capacity for language). This is the lowering of
the larynx (the vocal sound-producing organ) in the throat over the course
of hominin evolution, which also occurs ontogenetically in our species
(Clegg, 2012, pp. 64-65). The lowering of the larynx led to an increase in
space in the pharynx (used in part by modern humans for vocal sound
manipulation), and an associated augmentation of human vocal range and
control (Clegg, 2012, pp. 58-59). This is nevertheless a particularly complex
aspect of hominin phylogeny because, as always in evolution, there are a
multitude of interacting adaptive factors at play, and it is not always clear
which is a cause and which is an effect, in this case, of the ability to produce
controlled vocalisations.

These factors include: (i) changes to the base of the cranium motivated by
bipedalism,*!; (ii) the mechanical (weight-balance) consequences of brain
expansion, however driven (§3.7.1); (iil) jawbone and dentition changes
resulting from savannah-dwelling*? (Clegg, 2012, pp. 63-64); and (iv) the
relationship between the lowered larynx and the potentially increased risk
of choking owing to the greater chance of food ingress to the trachea via the
lower human larynx compared with earlier, higher-larynx, hominins (a risk
argued by Clegg to have been exaggerated by other commentators (2012,
pp. 67-69)). As the only fossilising component of the vocal tract, the location
of the hyoid bone — a marker of the position of the larynx — can be used
to some extent to reconstruct the structure and evolution of the vocal tract

and related cranial morphology in different hominin species (Clegg, 2012,

41 The foramen magnum, the aperture through which the spinal cord passes, is located under-
neath the cranium in hominins, but to its rear in modern great apes and other quadrupedal
mammals (Mithen, 2006, p. 122)

42 This mode of life facilitates a move from a herbivorous-insectivorous to an omnivorous diet,
because hominins could search (individually or collectively) for carcasses and/or (collectively)
hunt animals more easily in deforested areas.
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pp- 69-72), and thus to assess the degree to which a species is potentially

“vocalisation-capable”.

Having said all this — but having focused on the structural/mechanical as-
pects of vocal production as opposed to its neurological/cognitive substrates
- one must consider the issue of virtuosic sound (re)production in certain
birds (§5.4.1), perhaps most notably parrots. Birds have a completely differ-
ent anatomy of sound production to primates — they have an organ called
the syrinx instead of the primate larynx — but they far exceed our nearest
evolutionary relatives in the range and dexterity of their vocalisations. This

suggests that

if the dearth of monkey talking and singing was merely a production
limitation, we’d expect them to be able to learn to recognize music (and
speech), perhaps to develop musical listening preferences, but research-
ers have found no evidence of this. There is a cognitive, not simply a

motor limitation; they just don’t get it. (Levitin, 2009, p. 293)

Whether parrots or other skilful vocalisers such as certain cetaceans (§5.4.2)
“getit” or notis an open question; but they clearly have the cognitive resources
to support memorisation and (re)production of fine vocal detail — the power
of vocal learning (§2.7.5) — that non-human primates conspicuously lack.
Thus — in an argument that cast doubts on the validity of studies of the
evolution of the human vocal tract “for” language — “[i]t is not because the
vocal tract of a chimpanzee has the wrong shape that it cannot do what
parrots do ... but because chimpanzees lack the capacity for vocal learning
[§2.7.5] that allows parrots to perform their imitative feats” (Merker, 2012,
p- 232; see also Merker’s point on fossil indicators of vocal biomechanics cited
on page 130 below).

This complex body of evidence suggests that the evolution-driven align-
ment of morphological features in the hominin vocal tract that facilitated
fine control of a range of vocalisations likely had a number of intersecting
causes — it served a range of adaptive functions. Nevertheless, without the
necessary associated cognitive infrastructure — either as cause or effect of the
morphological features — then the type of vocalisations that we regard as

musical and/or linguistic would not have evolved.
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2.3.2 Communal Living

The relatively exposed environment of savannah dwelling is thought to have
driven a greater tendency to communal living, for mutual protection and the
maximisation of resources, leading to the appearance of “hunter-gatherer”
societies. Rejecting the generally solitary, paired or small-group lifestyle of

arboreal hominins,

larger groups are likely to be more successful at repelling outside in-
vaders. In a hunter-gatherer society, in which foodstuffs are often diffi-
cult to find and secure, the risks of any individual coming home empty-
handed are diluted through the actions of many dozens or hundreds
of hunter-gatherers; with cooperation, a given individual may come
home empty-handed today, but full-armed tomorrow — in either case,
the supplies are shared. (Levitin, 2009, p. 49)

For males, communal living was probably associated with greater coopera-
tion in hunting, on account of the increasingly carnivorous diet implied by
this lifestyle (see note 42 on page 73). The need to chase, kill and carry prey
may also have driven an increase in body mass in males, although there is
also a countervailing tendency towards similarity in body size between males
(who generally hunted) and females (who generally gathered) (§2.3.3). For
females, communal living implied increased cooperation in foraging for food
and in infant-rearing, the latter including “grandmothering” — the co-opting
of post-menopausal females for infant care in support of food-gathering
mothers (Mithen, 2006, p. 186).*> For both sexes, there were presumably
strong selection pressures for the evolution of the cooperative behaviour
that underpins communal living, in the ultimate service of individual selfish

advantage.

The adaptive benefits of the melodic-rhythmic synchronisation believed to
have been characteristic of rituals in such communally living societies are
discussed more fully in §2.5.2.

43 The co-option of grandmothers, and aunts, is not unique to hominins, being found in a
number of other animal species (Nicholas Bannan, personal communication).
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2.3.3 Sexual Non-Dimorphism

The broader context for this issue is that the dynamics of male-female inter-
action in Mammalia are shaped by gamete size, whereby females generally
produce a limited number of eggs and carry the developing offspring; and
males generally produce an unlimited number of sperm. This “quality versus
quantity” dichotomy of reproductive investment (see also note 47 on page
79) tends to create systems whereby females are strongly focused upon the
survival of their offspring, to whom they devote considerable time and en-
ergy; and males are strongly motivated to mate with as many females as
possible. Nevertheless, this dichotomy is not wholly deterministic, and the
evolution of the hominin line indicates that other factors can moderate its

more extreme implications.

High levels of sexual dimorphism — in the sense of pronounced body-size
difference between the sexes, as observed in Australopithecus afarensis (Mithen,
2006, p. 123)* — tend to correlate with polygyny. This is a system whereby
“harems” of females are controlled by dominant males (Mithen, 2006, p. 134),
who compete violently with each other for female attention, as in Gorillas,
or for the unencumbered liberty to force themselves upon females.* This
type of dimorphism, as well as others, may have arisen as a result of sexual
selection (§2.5.3), “operating through male-male competition, female choice,
or a combination of both” (Mithen, 2006, p. 182). Thus — and augmenting
the effect of the gamete-size dichotomy - the larger the male is in relation to
the female, the greater the violence involved in competition between males,
and the larger the number of sexual partners potentially available to the

dominant male(s).

Starting with Homo erectus/Homo ergaster at c. 1.8 MYBP, the modern human
male : female body size ratio of c. 1.2: 1 became established, perhaps because
males had reached the sustainable limits of their size and/or perhaps because

4 This phenomenon constitutes a continuum, ranging from extreme sexual dimorphism to
its complete absence, i.e., sexual monomorphism.

4 Pronounced sexual dimorphism is not invariably associated with the “harem” type of
mating system: it can alternatively correlate with a promiscuous multi-male/multi-female
dynamic, as is the case in chimpanzees (Alan Harvey, personal communication).
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females had almost caught up with them.*® This equalisation appears to
have been related, in part, to dietary factors: Merker notes that “postcanine
dental size and the masticatory apparatus were reduced as well ..., implying
a diminished need for oral processing. To be compatible with an increase in
stature [especially in females] and brain expansion relative to body size, this
reduced need for oral processing indicates increased access to high quality
nutrients”, often high fat/high protein fish/shellfish (2012, pp. 233-234).
Acquiring these foodstuffs in riverside, lakeside or coastal locations may
have provided a selection pressure for the acquisition of swimming and
diving, and may even have fostered a semi-aquatic lifestyle (Merker, 2012,
237, note 4).

The lower levels of sexual dimorphism in Homo erectus/Homo ergaster ap-
pear to have correlated with “colonial monogamy” (Merker, 2012, p. 235) —
whereby communities of conspecifics live in reasonably stable pair-bonds
and form members of extended family units. This structure may have arisen
for two interconnected reasons. First, the “high quality nutrients” referred to
above were “non-monopolizable” by dominant males (Merker, 2012, p. 234),
meaning that subordinate males could avoid conflict with their more power-
ful rivals and concentrate instead upon “direct reproductive investment in a
female and her offspring by provisioning them with high quality nutrients”
(Merker, 2012, p. 234). Second, unable to dominate females physically —
especially when the latter banded together for mutual protection — males
needed to attract females and then provide food and care for them and their
dependent children by means of the provisioning just referred to (Mithen,
2006, p. 187). While male-versus-male competition appears to have contin-
ued in these species after the reduction in sexual dimorphism, it was likely
reorientated towards the domain of female choice.

Males in these species therefore needed to have used charm, not force, to
advance their reproductive agenda, essentially by convincing females that
they possessed good genes. Yet in this environment the attractiveness of a
male to a female in many species is a result not only of: (i) an assessment

of the male’s genetic fitness (and thus his capacity to give a female gran-

46 Bannan et al. (2023) consider the remaining vocal dimorphism, in the form of the dispro-
portionately low male human voice and the associated phenomenon of octave equivalence,
whereby adult male and female voices generally sing the “same” note an octave apart.
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doffspring); but also of (ii) an assessment of the male’s potential as a good
parent (and thus of his capacity to help her care for her offspring to maturity).
That these two roles may not necessarily be fulfilled by the same male is an
explanation for deviations from monogamy in such pair-bonds (Fitch, 2010,
pp. 245-247; see also page 400 below). Essentially, a female may mate with a
short-term partner for his perceived good genes, but bond with a (different)
long-term partner for his anticipated parental investment. Consequently,
male commitment to the kind of extended involvement underpinning (ii)
rests upon sufficient paternal certainty. In this environment, males evolved to
provide for their offspring, but only when they could be reasonably certain —
via various evolved counter-measures to female infidelity — that the infant
they undertook to expend so much time and energy upon did indeed carry
their own genes and not those of a rival (Fitch, 2010, p. 244).

As a further consequence of the reduction of sexual dimorphism, fitness-
advertisement has significance for musicality because much of this female-
directed persuasion may have taken the form of vocalisation and dancing (Mithen,
2006, p. 187). As manifestations of cognitive and physical capacity, and thus
as useful markers of male genetic fitness, such performances may well have
become currencies implicated in sexual selection (G. Miller, 2000, pp. 338—
344) (§2.5.3), in addition to their fostering group cohesion (§2.3.2). To sum-
marise a complex chain of interconnected causes and effects, one which
attenuates the effects of gamete-size dichotomy, the available evidence sug-
gests that: (i) the better the quality of nutritional resources became, the
closer in size the female evolved in relation to the male; (ii) the more equal
among themselves males became, partly on account of their becoming more
adept at foraging, the more persuasive their courtship behaviour became;
and (iii) the more durable pair-bonds became, the more cooperative — and

perhaps the more musical — the relationships between the sexes became.

2.3.4 Infant Altriciality

Another consequence of bipedalism (§2.3.1) was that it tended to reduce
infant birth-size in hominins, compared with non-bipedal primates, on ac-
count of the associated repositioning of the birth-canal. This resulted in

increasing altriciality in hominin infants — i.e., the requirement for several
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years of nurture, on account of their helplessness, before they become in-
dependent of their parents (Mithen, 2006, p. 185; see also Werneburg et al.,
2016). The provisioning-sustained co-parenting discussed in §2.3.3 afforded
an environment in which this nurture could be provided, allowing early
weaning and replacement of breast milk with foraged high fat/high protein
nutrients (Merker, 2012, p. 235).#” As Dissanayake argues, “[t]he trend
toward increasingly helpless infants surely created intense selective pressure
for proximate physiological and cognitive mechanisms to ensure longer and
better maternal care” (2000, p. 390).

Decreasing birth-size was associated with a countervailing tendency to en-
cephalisation, i.e., towards increasing absolute and/or relative brain size (Dis-
sanayake, 2000, p. 390). The encephalisation quotient (EQ) formalises relative
brain size by calculating the ratio of body size : brain size for a group of
species and then calculates the difference (or “residual”) between this group
and a target species. The EQ metric shows that “humans have high positive
residuals or EQ values, no matter which group we use as the comparison
set .... Our brains are roughly three times larger than predicted for an ape
of our size” (Fitch, 2010, p. 281). Because decreasing (overall) birth-size is
an imperfect attempt on the part of evolution to compensate for increasing
head-size, it follows that encephalisation must have had adaptive benefits, to
genes and/or to memes, which outweighed its birth-related risks to mother
and infant. The evidence discussed in §2.7.5 and §3.7.1 suggests that those
benefits accrued disproportionately to memes.

Extended parental care is thought to have included various proto/musiling-
uistic vocalisations — gentle, reassuring singing — of the type discussed in §2.7.
Such infant-directed singing and infant-directed speech — IDS[inging/peech],
the latter sometimes called “motherese” and, despite its predominance in fe-
males, “parentese” — was perhaps partly motivated by the inability of human
infants, unlike those of other primates, to cling to their mothers until they are
several years old. The consequence of the evolution of infant altriciality, an
additional factor here is the gradual loss of fur in hominins. While modern
great ape females often use their hands while their young infants cling to

47 Merker argues that this lifestyle permitted the shortening of inter-birth intervals, allowing
“K-selected” — quality-over-quantity reproduction; the converse, as in insects, is r-selection —
apes to maximise their “reproductive output” (2012, p. 235).
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their fur (Falk, 2004, p. 499), humans, while retaining some body hair, are, as
Morris (1967) famously said, “the naked ape”. Owing to these two factors,
and to the additional complication of the predominantly vertically orientated
back and belly of a bipedal species (Falk, 2004, p. 499), for a female hom-
inin to undertake manual work, such as gathering food, it would have been
necessary (in the absence of grandmothering (§2.3.2)) for her to place her
infant on the ground. To provide comfort and reassurance to infants in such
situations of separation, hominin vocalisations may have taken the place, at
times, of an embrace (Patel, 2008, p. 370). This use of music as a proxy for
physical contact is analogous to the vocal grooming hypothesis discussed
below, whereby vocalisation uses the diffusion properties of sound (which,
unlike those of light, are non-rectilinear) to compensate for the absence of
direct physical proximity.

The adaptive benefits of IDS are discussed more fully in §2.5.4.

2.3.5 Vocal Grooming

Another significant driver of sociality, beyond the “strength-in-numbers” and
rhythmic synchronisation arguments discussed in §2.3.2, is the vocal groom-
ing hypothesised by Aiello and Dunbar (1993) and Dunbar (2017) to have
underpinned social relationships in hominin societies. A common behaviour
in primates is ritualised physical contact, in the form of reciprocal “stroking
and patting” (Dunbar, 2017, p. 209), termed grooming. This appears to foster
one-to-one networks of social relationships based on affection and trust, these
dispositions arising in part from the release of endorphins triggered by this
contact (Dunbar, 2017, p. 209).*® As hominin social groups increased in size

(82.3.2), it became more difficult for such grooming-fostered networks to

8 While several neurotransmitters are implicated in the response to music, and thus may be
evolutionarily significant, Harvey, in contrast to Dunbar, foregrounds the role of oxytocin — an
“ancient peptide” that is “highly conserved in evolution” — in “pair-bonding and maternal attach-
ment, in moderating affiliative behaviors and conspecific social recognition, and in modulating
the formation and maintenance of episodic memories, whether they be positive or negative”
(2020, pp. 3, 5). Overlaps between the physiological and psychological effects of oxytocin and
the psychological and social effects of music and dancing suggest causal linkages, such that
“the unique prosocial, harmonizing activities of music and dance incorporated, perhaps even
required, elements of [a] pre-existing oxytocinergic network” (2020, p. 5). Harvey’s inclusion of
pair-bonding and maternal attachment as behaviours “rewarded” by oxytocin suggests that the
peptide’s role in human evolution encompasses aptive dimensions in addition to social bonding,
including those considered in §2.5.3 and §2.5.4. See also Savage et al. (2021, p. 10, Fig. 3; pp.
11-12) and note 60 on page 97.
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be sustained, owing to the difficulty of individuals finding sufficient time
to service a growing number of relationships in daylight hours, a period
of the day that also had to be devoted to other survival-critical activities.
Dunbar hypothesises that one-to-one physical grooming was gradually sup-
plemented with, and eventually supplanted by, one-to-many vocal grooming
(Fitch, 2010, pp. 417—420). In this way, musilinguistic vocalisations allowed
one individual efficiently to interact with multiple others, maximising that
individual’s pay-off in the form of gene-advantageous reciprocal attention

and affiliation.

The evolution of vocal grooming involved breaking a number of evolutionary
“glass ceilings” (Dunbar, 2017, p. 209). In a first stage, and building on Prov-
ine (2001), Dunbar hypothesises that one-to-one grooming was expanded to
encompass groups of around three individuals by the evolution of laughter
in communities of Homo ergaster and Homo erectus (2017, p. 210). As with
physical grooming, laughter — a form of “wordless, amusical chorusing” that
is physiologically different in humans compared with great apes (Dunbar,
2017, p. 210)* - triggers the endorphin release necessary for social bonding,
but has the efficiency advantage of engaging multiple conspecifics.”

In a second stage, the larger social groups typical of Homo sapiens rendered
laughter alone inadequate to address the vocal grooming demands neces-
sary to maintain the cohesion of social networks. Dunbar hypothesises
that laughter was therefore supplemented by musilinguistic vocalisations
- “singing, or musical chorusing” — that built upon and extended the “seg-
mentation and breath control” underpinning laughter and that engaged a
larger number of conspecifics (2017, p. 210). Such vocalisations also took
advantage of various anatomical changes — again, as cause or effect — that
arose in the modern human vocal tract. These include: (i) certain enhance-
ments in nerve structure related to breath control and tongue movement; (ii)
the repositioning of the hyoid bone, which lowered the larynx and poten-

4 Great ape laughter is made up of patterns of exhalation-inhalation, whereas human laughter
is purely exhalatory (Dunbar, 2017, p. 210). Perhaps this is one of the senses in which we should
understand bb. 25-28 of the Queen of the Night’s (second) aria (no. 14, “Der Hélle Rache”)
from Mozart’s Die Zauberflite K. 620 (1791).

50 Note that laughter is not dependent upon language. While language is a medium and
catalyst for the most sophisticated categories of humour, the earliest forms of laughter are likely
to have been the result of the non-injurious pratfalls that befell hapless conspecifics (Dunbar,
2017, p. 210).
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tially facilitated greater articulatory control (§2.3.1); and (iii) refinements in
ear-canal structure to optimise it for the perception (and thus also production-
enhancement) of vocalisations (Dunbar, 2017, p. 210). As perhaps the key
factor underpinning the socialisation processes outlined in §2.3.2, “singing
triggers the same endorphin mechanism as grooming and laughter, and at
the same time increases the sense of belonging or social bonding” (Dunbar,
2017, p. 210; emphasis in the original).

In a third stage, Dunbar argues for the importance of fire — consolidated, it
would appear, by c. 0.400 BP — in augmenting the power of singing-driven
vocal grooming (2017, p. 211). Mithen suggests that the discovery of fire as a
source of warmth led to the gradual reduction in hominin body hair density.
This facilitated thermoregulation in hot climates (§2.3.1) and reduced the
need for physical grooming to remove skin and hair parasites, thus allowing
more time to focus on vocal grooming (2006, pp. 199-200). Fire, and the
building of hearths to control it, also lengthens the usable day and divides
it into the work-time of the daylight hours and the social-time of the even-
ing. The latter period may have served as a congenial forum for communal
vocalisation and therefore facilitated the evolution of language, because “if
wordless chorusing began to be used to allow communal chorusing on a
conversational or even camp-wide scale, it would have provided a natural
template for the evolution of voiced speech, and hence language, by the
very short additional step of mapping meaning onto sound” (Dunbar, 2017,
p- 211). While Dunbar perhaps underestimates the enormous intellectual
leap represented by his “very short additional step” — from the distorting
perspective of our present position, it is tempting to see this likely chrono-
logically extended and epistemologically cumulative process in terms of
a single conceptual shift — this hypothesis of the attaching of meaning to
components of segmented vocalisations appears evolutionarily convincing,
partly owing to its parsimony. It is discussed further, with the necessary
cautions, in §2.7.5 and §2.7.6.

Fire as a means of cooking food may have had further evolutionary con-
sequences on hominin musicality related to changes in jaw morphology and
associated dentition (§2.3.1). These may have arisen because the softening

through cooking of previously unpalatable foods, primarily fibrous veget-
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able matter and tough meats (the latter made more accessible as a result
of savannah-dwelling), perhaps increasingly favoured an omnivorous diet,
rather than the herbivorous-insectivorous diet thought to have been con-
sumed by the partly arboreal Australopithecus afarensis (Mithen, 2006, p. 123).
Cooking thus made available a wider range of nutrients to hominins, al-
lowing, some have argued, both the shrinkage of the gut and the allocation
of greater resources to the brain (Wrangham, 2009; Patel, 2018, p. 114; see
also Ferndndez-Armesto, 2001 for other potentially evolutionarily significant
methods of food preparation that extend the diet without the use of heat).
Jaw and dentition changes might also have had effects on sound-production,
owing to their reconfiguration of the pharyngeal space. More radically —
switching hypothesised cause and effect — the evolution of vocalisation might
have itself driven changes to the structure of the jaw, owing to its adaptive
benefits, which subsequently motivated certain dietary changes.

2.4 Sound Archaeology as Evidence for Hominin

Musicality

Having outlined in the previous section the various evolutionary opportun-
ities and motivations for musicality, it is reasonable to ask what evidence
survives for its having existed in hominin communities. Sources of evidence
include findings from the disciplines of music archaeology (a term that has
largely superseded archacomusicology (Hickmann, 1984)), and archaeoacoustics
(Scarre & Lawson, 2006). The former, which focuses on the reconstruction
and performance of very ancient instruments, has been developed since the
1980s; the latter, which attempts to analyse and reconstruct the likely sound
environments of the ancient sites whose material environment is the province
of music archaeology, is a more recent discipline (Till, 2014, pp. 292-294).
Archaeoacoustics recognises that the concept of music is problematic when
considering ancient cultures. As noted in §2.2, the modern western aesthet-
icised notion of music does not align with the holistic use of vocalisation,
dance and ritual observed in contemporary traditional cultures and which,
by inference, may well have obtained in ancient human societies (Till, 2014,
p- 293). Till advocates the use of the term sound archaeology for these research
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strands because it “includes research framed by [music archaeology and
archaeoacoustics] as well as research excluded by them” (2014, p. 300).

The underlying rationale of sound archaeology is the notion that, initially,
hominins selected their living and ritual spaces not only because they af-
forded protection from harmful aspects of the environment — both climatic
and in terms of predators — but also because they were acoustically rich
and/or unusual, maximising the sensory and aesthetic pleasure of music-
making. Moreover, later built environments — for example, stone circles such
as Stonehenge and other ritual auditoria, and Classical-era theatres — had a
similar sensitivity to their acoustic properties. Growing human knowledge
of acoustics (in an informal sense) led to the gradual supplanting of the
discovery of sonically rich spaces by their active construction based on the
intuitions of sonic-architectural principles (Till, 2019, p. 689; see also Till,
2017).

Sound archaeology attempts to reconstruct the sonic ecologies of ancient
human societies using both analytical and synthetic methodologies. Analysis
involves the exploration of sound-spaces by means of acoustic measurements
of spatialisation and reverberation, allowing hypotheses to be developed on
the kinds of vocalisations, instruments and musical behaviours the space
might have supported or optimised — its affordances for musicality. These
measurements are sometimes used to develop virtual models of acoustic
spaces, which can then facilitate further simulation (Till et al., 2014a; Till
et al., 2014b). Synthesis permits the testing of hypotheses on sonic ecologies
by creating opportunities for present-day musicians to emulate possible
styles and sonorities of ancient musics by techniques including vocalisation
and performance on reconstructed instruments in original archaeological
contexts, or to reconfigure recording-studio performances to sound as if there
were performed in a specific ancient space (Potengowski & Wagner, 2017).
The two dimensions may be combined to create a “multimedia time machine”,
as in the audiovisual Soundgate exhibit (and its associated app) that forms a
component of the European music archaeology project (Various, 2015) touring
exhibition Archaeomusica: The sounds and music of ancient Europe (De Angeli et
al., 2018). The exhibition’s bold aim is to transport present-day humans to the

distant soundscapes of their ancestors by means of “phenomenological multi-
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sensory immersive experiences, which allow one to explore an archaeological
site by virtual immersion within it” (Till, 2014, p. 294).

Studies of palaeolithic cave acoustics are most relevant to the concerns of
this chapter, given that caves formed sites of both habitation and ritual for
hominins: it is thought that the outermost parts of cave-complexes (near
the entrance) were used for the former, whereas the innermost parts were
used for the latter (Fazenda et al., 2017, p. 1339). Fazenda et al. (2017)
explore Reznikoff’s (2002) hypothesis that there is an association between
cave “motifs” — the former’s term for various intentionally made shapes and
images carved or painted on cave walls, sometimes termed cave “paintings”
or, perhaps anachronistically, cave “art” — and the acoustic properties of
the adjacent spaces. This is potentially significant because “[t]he acoustic
ecology of a space is part of what turns a space into a place” (Till, 2014, p. 295)
— transforming an ostensibly neutral void into a meaningful environment in

which, for instance, rituals might be performed. Indeed, Till notes that

[t]he deeper parts of caves provided a very particular and powerful
acoustic for humans in Palaeolithic times. In an animist cosmology, the
lack of background and environmental noise differentiated caves from
outdoor spaces. With no experience of stone buildings, these were alien
natural spaces that featured variable reverberation, low frequency effects,
and transformation of sounds made by human speech and movement.
These were natural formations[;] humans entered into them, becoming
enveloped by these other worlds” acoustics, going into an environment
over which they had no control, leaving as a record of their presence
visual motifs charged with spiritual meanings, and engaging with altered
states and what they probably regarded as powerful supernatural forces.
(Till, 2019, p. 689)

The hypothesised chronology of painting and musicality does not rule out
such juxtapositions of visual imagery and music: Aubert et al. (2019) date
a cave painting in Sulawesi, Indonesia at c. 0.044 MYBP; and Fitch (2006,
p- 197) dates the earliest human music, perhaps conservatively, to c. 0.040
MYBP (§2.6). This is not to say that such images were necessarily functionally
associated with music-making, but there is certainly the potential for some
form of coexistence between the two. Indeed, any functional relationship —

which the acoustic evidence discussed below to some extent supports — might
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suggest that Fitch (2006) is being too conservative in his dating, and that the
earliest human music might potentially be nearer to c. 0.044 MYBP than to
c. 0.040 MYBP. Because the rituals of hominins are likely to have involved
rhythmically coordinated dance and vocalisation, any evidence that they
were performed in sonically rich and/or unusual spaces, with or without an
association with imagery, affords further support for the special importance

of these musilinguistic practices.

To test Reznikoff’s (2002) hypothesis that “the location for a rock painting
was chosen to a large extent because of its sound value” (Fazenda et al., 2017,
p- 1334), Fazenda et al. (2017) conducted a study of a number of palaeolithic
caves in northern Spain that were decorated with painted motifs. They
used twenty-three metrics designed to give a comprehensive account of the
acoustic fingerprint of the caves, and concluded that “there is statistical,
although weak, evidence, for an association between acoustic responses
measured within these caves and the placement of motifs”, specifically an
“association between the position of motifs, particularly dots and lines, and
places with low frequency resonances and moderate reverberation” (2017,
p- 1347). This supports Till’s observation, apropos the same caves, that
“[s]ome lithophones, rocks that ring when struck, were already known in
the caves, and one was marked with paint in prehistory” (2014, p. 299). The
latter point suggests that the converse of Reznikoff’s hypothesis — that the
location for musical behaviours was chosen to a large extent because of its

graphical-imagistic potential — was not the case.

In a later study, Till (2019) explores further the data from the Spanish caves in
Fazenda et al. (2017) and compares them with data from other sites, namely
Stonehenge and the Graeco-Roman theatre at Paphos on Cyprus, plus acous-
tic data from modern concert halls. The findings are, predictably, complex
and nuanced, but they broadly align with those of Fazenda et al. (2017). One
of the main conclusions — as the passage from Till (2019) quoted on page 85
suggests — is that many spaces in the caves have very resonant, reverberant
acoustics, particularly favouring low-frequency sounds, as measured by the
EDT (Early Decay Time) metric. The “strong low frequency support” (Till,
2019, p. 688) provided by such acoustics would have modulated the normal
human voice, particularly the male voice, giving it a transformative, mystical
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intensity and power, thus intensifying the cathartic-spiritual dimension en-
gendered by the caves’ other-wordly environment. The affinity between such
“amplified” sounds — Till describes them as “alive, or even larger than life”
(2019, p. 690) — and deeply resonant natural sounds, such as thunder, per-
haps further dissolved the imagined boundary between the natural and the
supernatural and gave hominins access to the intense experiences afforded

by contact with the sublime.

Till also argues that “speech is clear when judged using [the] ALcons [Artic-
ulation Loss of consonants metric] or [the] RASTI [Room Acoustic Speech
Transmission Index metric], but at different octaves identified by [the] C
(50) [speech clarity metric], clarity of speech can be either extremely high or
low, indicating speech is understandable, but may be changed by support or
transformation of one or other frequency range” (2019, p. 688). Of course
such a statement is intrinsically problematic, because Till is using metrics
designed for the analysis of speech sounds at a time when it is likely that
only (or primarily) musilinguistic vocalisations were in the repertoire of
hominins. One might nevertheless conclude that these data suggest that —
in some caves, using certain metrics, and at certain frequency ranges! — the
acoustics certainly afford sufficient clarity to support not only the perception
of melodic contour but also that of consonants. Thus, they do not actively
militate against the segmentation of musilanguage to form compositional
language, in which the articulation of consonants is implicated — a process
that, in any case, may have taken place primarily outside cave environments.
Beyond issues of clarity, the favouring of low-frequency sounds might sug-
gest that male, not female, vocalisations took precedence in cave-based rituals.
Moreover, and aside from vocalisations in sacral contexts, the general modu-
lation of the normal “outdoor” human voice by the acoustics of caves created
opportunities for vocal play — the acoustic equivalent of exploring a hall of
mirrors — that supported the kind of cognitive expansion via musical scaf-
folding hypothesised by Cross (2012) to have been central to our evolution,
to be discussed in §2.5.4.

Of course, such studies as Fazenda et al. (2017) and Till (2019) are far from
conclusive, offering only tantalising evidence for ritualistic music-dance

51 In the La Garma cave, for instance, C50 clarity is good from 125Hz — within the range of a
male voice — and above (Till, 2019, p. 685, Tab. 7).
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behaviours in motif-adorned, resonant caves. But they certainly align with
the hypothesised flowering of human cognitive-symbolic behaviour to be
discussed below under the rubric of the “Cognitive Revolution” (§2.5.5).
Even more conjecturally, there appears to be a degree of sensory-modality
correlation between the “dots and lines” of some cave paintings identified by
Fazenda et al. (2017, p. 1347) and their equivalents in music. Understood in
terms of image schemata — metaphorical alignments between perceptions and
conceptions of phenomena in two domains (§2.5.2) — “dots and lines” are
arguably (and potentially retrospective) synchronic, visual equivalents of
the diachronic, aural punctuations marked out in time by a regular rhythmic
pulse and the rises and falls of musilinguistic vocalisations. If the suggestion
made on page 86 concerning the potential precedence of music over images
(“the converse of Reznikoff’s hypothesis”) is true, then “dots and lines” are

consequent, not antecedent, to music.

2.5 The Aptive Benefits of Musicality

One issue that arises when considering music in the evolutionary context
summarised in §2.3 is its often considerable biological costs. Singing and dan-
cing in early hominin societies would have consumed a significant amount
of time and energy, which might have been better spent on acquiring food
or on resting. Assuming that such societies lived under constant pressure,
often on the edge of survival, it is reasonable to assume that the suite of
competences constituting musicality had either: (i) some adaptive aetiology —
i.e., cost-exceeding benefits in enhancing survival that were directly selected
for; or (ii) some exaptive aetiology —i.e., cost-exceeding benefits in enhan-
cing survival that were indirectly selected for, being (possibly staggered)
re-purposings of competences originally evolved for some other purpose;
or (iii) some combination of adaptive and exaptive aetiologies.>> An altern-
ative view, Pinker’s “auditory cheesecake” hypothesis (§1.1.2), is that: (iv)
music arose merely for amusement and titillation, a situation that would

only hold true in societies that lived with surpluses of resources, including

52 1t will be understood that, hitherto, I have used the term “adaptation”largely indiscrimin-
ately, potentially encompassing cases that are more likely to be exaptations than true adaptations.
From the explanation of the distinction given in §2.5.1 onwards, I will, wherever possible, dis-
tinguish between the two cases.
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time. Assuming that early hominins made music in varying conditions of
adversity, it is reasonable to infer that musicality conferred some advantage
upon them (and perhaps continues to do so today, even in affluent societies),
and therefore an adaptive and/or exaptive explanation is the most likely.

What follows is a discussion of perhaps the three most significant ways in
which musicality might have contributed to the survival of early hominins,
this being undertaken with the proviso (given in §2.2) that many of the
competences discussed would have had wider benefits, including those per-
taining to the evolution of motor skills, of audition, of language (§2.7), and
of other attributes. Naturally, it draws upon several of the themes outlined in
§2.3, expanding upon the potentially aptive — this term is explained in the next
section — role of music in the various developmental stages outlined there. It
also accords with (but treats in a different order) the three “adaptationist
explanations” for musicality — sexual selection, parent-infant bonding, and
group cohesion — identified in (Honing, 2018a, p. 9). On the question of
ordering, and as noted in §2.3, it is difficult to ascertain the detailed evol-
utionary chronology of these phenomena, which would almost certainly
have interacted synergystically. The discussion concludes with a summary
(§2.5.5) that nevertheless attempts to extrapolate an evolutionary trajectory
for musicality from the aptation-based evidence currently available.

2.5.1 Aptation, Adaptation and Exaptation

In order to frame an evolutionary account of human musicality, G. Miller

(2000) maintains that four questions need to be addressed.

First, what is music for? Second, what adaptive functions are served by
the specific behaviors of singing, chanting, humming, whistling, dancing,
drumming, and instrument playing? Third, why did the fitness benefits
of music making and music listening exceed the fitness costs? Fourth,
consider music as a set of signals emitted to influence the behavior of
other organisms ...: who generates these signals, under what conditions,
to what purpose? [Who receives these signals, with what sensitivity,
resulting in what behavioral changes, benefiting whom? (G. Miller, 2000,

p- 333; emphases mine)
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One problem in addressing these questions is the fact that organisms live
in an ever-changing physical and biological environment — one of often
constant geological change and pressure from other (evolving) organisms
—and so adaptation, driven by the VRS algorithm, is an attempt to track a
constantly moving target, the ecological niche best suited to the survival
of the organism in question. The considerable time-scales over which this
process has occurred means that some adaptations are left behind when the
evolutionary world moves on. Sometimes these “floating” adaptations are
subsequently found useful by organisms: they serve to enhance their fitness,
and so they are thereby propagated. Rejecting the earlier term preadaptation
on the grounds that evolution does not have foresight (Fitch, 2010, pp. 63-64),
Gould and Vrba (1982), in a classic formulation, argue that

we may designate as an adaptation any feature that promotes fitness and
was built by selection for its current role (criterion of historical genesis).
The operation of an adaptation is its function.... We may also follow
[G.C.] Williams in labelling the operation of a useful character not built
by selection for its current role as an effect.... But what is the unselec-
ted, but useful character itself to be called? .... We suggest that such
characters, evolved for other usages (or for no function at all), and later
‘coopted” for their current role, be called exaptations.... They are fit for
their current role, hence aptus, but they were not designed for it, and
are therefore not ad aptus, or pushed towards fitness. They owe their
fitness to features present for other reasons, and are therefore fit (ap-
tus) by reason of (ex) their form, or ex aptus. (Gould & Vrba, 1982, p. 6;

emphases in the original)

They go on to assert that “[t]he general, static phenomenon of being fit
should be called aptation, not adaptation. (The set of aptations existing at
any one time consists of two partially overlapping subsets: the subset of
adaptations and the subset of exaptations....)” (Gould & Vrba, 1982, p. 6;
emphases mine). This formulation to some extent addresses the critique of
adaptationism, in a famous paper, by Gould and Lewontin (1979). The latter
argued that adaptationism had gone too far in biology, and that biologists
were too keen to see every feature of an organism, in a “Panglossian” manner,

as adaptive.”® For Gould and Lewontin (1979), some features of organisms

53 This term derives from the character of Doctor Pangloss in Voltaire’s Candide of 1759, who —
satirising Leibniz — uncritically exalts the optimism resulting from belief in a benevolent designer,
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were not adaptations; rather, they were spandrels® — that is, by-products of
the evolutionary process that, in themselves, served no adaptive purpose.
Inverting the adaptive argument, Dennett argues that spandrels/pendentives
might indeed have been adaptive, not exaptive, arising as surfaces upon
which religious iconography — made up of “graphemes” or graphical memes
(in written or artistic symbology) — could be displayed (1995, p. 274). This
issue is, in part, an element of the critique of Darwinism advanced by Fodor
and Piattelli-Palmarini (2011). If one accepts the position of Gould and
Lewontin (1979), five possibilities present themselves: (i) a feature that was
adapted retains its original utility; (ii) a feature that was adapted loses its
original utility; (iii) a feature that was adapted loses its original utility and is
subsequently exapted; (iv) a feature that was not adapted (a spandrel) is
not subsequently exapted; (v) a feature that was not adapted (a spandrel) is
subsequently exapted.

Given the distinction formalised in Gould and Vrba (1982), it seems clear
that all four of the questions posed by G. Miller (2000) in the quotation
on page 89 might have an adaptive and/or an exaptive answer. This is not
to say that these answers are easy to arrive at: the difficulty in developing
an aptationist account of music/ality lies, in part, in identifying the nature
of the advantages that might arise from it, because (for reasons outlined
in §2.1) musicality — specifically its physical, neurological and psycholo-
gical substrates — presumably overlapped with other evolutionarily useful
“-alities”, and so finding unequivocal and specific examples of adaptations
and exaptations relevant to musicality is not straightforward. For instance,
sound production in hominins is closely integrated with respiration, just
as thythmic movement is a function of locomotion. In the first example,
the adaptations subserving breathing (the lungs and associated blood sup-
ply and musculature) were subsequently exapted to serve vocalisation in
a number of species, serving to drive the flow of air into sound-producing
organs (the larynx, in tetrapods) in ways that were not, presumably, their
original adaptive motivation. Moreover, these vocalisations, which initially

maintaining that “in this best of all possible worlds ..., all is for the best” (Voltaire, 1918, pp. 2,
3).

5% In architecture, a spandrel is a broadly triangular feature resulting from the enclosure of
an arch within a square frame, or from the intersection of the base of a dome and the square
formed by its supporting walls or arches. Strictly, what Gould and Lewontin (1979) term a
spandrel might more correctly be termed a pendentive (Dennett, 1995, pp. 271-272).
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may have served a relatively limited range of functions in primates, were
likely further exapted in human prehistory to subserve what we might re-
gard as musicality. We might thus assume that the VRS algorithm found it
similarly difficult, or unnecessary, to disentangle what was a coordinated
suite of survival-enhancing attributes. As always, evolution builds upon
what is at hand to secure immediate survival: it does not plan ahead in order

to ensure its trajectory is parsimonious or elegant.

I'return to the distinction between adaptation and exaptation in §3.4.2, in the
context of music-cultural evolution.

2.5.2 Rhythm, Sociality and Embodiment

While clubs, festivals, gigs and karaoke are a significant exception, for many
people today music is a solitary pursuit. The growth of sound-reproduction
technology from the early-twentieth century onwards has had the effect of
increasingly personalising the listening experience, first reducing it to a few
people huddled round a phonograph or radio and then restricting it to the
entirely headphone-enclosed world of the personal music player and, most
recently, the smartphone. While one might agree with Rosen that “[w]e take
a work of music specifically written for a public concert as the norm, and
we do not realize to what extent it is actually an anomaly in the history of
music” (Rosen, 2001, pp. 300-301), much secular (and probably even more
sacred) music was intended to be played to at least a small group of people,
the former category perhaps in an aristocratic salon or intimate domestic
gathering. While art music in Europe from the sixteenth to the nineteenth
centuries was rarely either solitary or mass-participatory, it was generally
social %

The same appears to have been true of music in its earliest forms in hominin
societies. Evidence suggests that music-making — which, as will be argued in
§2.7, was also vocalisation-making and eventually language-making — was
communal and participatory. It was a group activity in which all mem-

bers of a hominin community were involved and through which, by the

% The same is arguably true of literature: in the eighteenth and nineteenth centuries, poetry
and novels were often read aloud, performatively, the silent reading taken as normative today
being unusual.
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act of participation, belonging and investment in the group were cemented
(Merker, 2000a; Merker, 2000b). Such communal vocalisation is not restricted
to hominins: many other animals, including members of certain non-human
primate, cetacean, canine and avian species “repeat (or at least mimic or vo-
cally match as closely as they can)” conspecifics’ utterances (Richman, 2000,
pp- 309-310), so it appears to be a reasonably common aptation. Richman

stresses that

[f]or these animals this [matching] also is part of a strong biological
drive to remain attached and stay in behavioral synchrony with others.
Joint production of utterances and vocal matching of melodic contours
function as signals in a group context that all participants are in behavi-
oral synchrony, that they are in solidarity with each other, and that they
are attempting to resolve social and emotional conflicts. (Richman, 2000,

p- 310; emphasis mine)

As in the species discussed by Richman, such synchrony is thought to have
been characterised in hominins by coordinated rhythmic movement and,
for our ancestors, by the musical — vocal and percussive — behaviours that
both impel and arise from it.>® Indeed, what sets humans apart from other
behaviourally synchronising primates is the fact that, for us, the rhythmic
coordination often occurs in the context of a constant pulse, or tactus (Tem-
perley, 2001, p. 26). A tactus is, in hominins, afforded by bipedalism (§2.3.1),
which represents an embodied binarism whereby left-right alternations of
arms and legs arise naturally in locomotion. Changizi (2011, p. 129) speaks
of the harnessing of bipedalism to new functions, including the subdivision
by the arms of the tactus provided by the legs, turning pulse into rhythm,
with all the opportunities for elaboration — for rhythmic stratification (Yeston,
1976) — that it affords (see also Bannan, 1999, p. 9).

A tactus therefore provides the framework upon which both variable dura-
tions and/or unequal attack points in percussion and vocalisation can be built.
To the natural tactus generated by the movement of the limbs, it appears
that evolution added the phenomenon of (thythmic) entrainment, whereby

% Borderline Personality Disorder (BPD) in modern humans is characterised by impaired
socialisation and problems with emotional regulation. It is also marked by an inability to
synchronise musically with others (Foubert et al., 2017), thus speaking to the tight connection
between these three domains in normal humans (see also the quotation from Levitin (2009) on
page 98).
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conspecifics synchronise their movements to each other and to a regular
external rhythmic stimulus, or to a shared stable internal pulse, in dance
(Merchant et al., 2018, p. 171). Significantly, the “innate neural mechanisms
underlying rhythmic entrainment ... seem to have evolved convergently
in humans and several vocal-learning lineages of birds and mammals, but
not in nonhuman primates ...” (Savage et al., 2015, p. 8989), suggesting a
connection, explored below and in §2.7.5, between rhythmic entrainment and
vocal learning. Nevertheless, the “gradual audiomotor evolution hypothesis”
of Merchant and Honing (2014) argues that the picture is more nuanced
than Savage et al. (2015) implies.

Considering the “ecological meaning of pitch”, Changizi links rhythmic en-
trainment to the phenomenon of aural discrimination (2011, p. 159, Fig. 28; p.
161; see also Bannan, 2019, p. 10). He argues that humans learned to interpret
the Doppler Effect — the change in frequency or wavelength when a sound-
source is moving relative to an observer — as a method for determining the
speed and direction of movement of environmental objects. While ostensibly
an adaptation selected for its predator-evasion potential, the visceral sensitiv-
ity to contour it motivated was perhaps exapted to support sonic templates —
“signatures of the Doppler effect” (Changizi, 2011, p. 161), serving as musico-
emotional shape-archetypes — that, arguably, still underpin extant human
musics. They might be understood in terms of image schemata (§4.2, §4.5),
which are “fundamental embodied cognitive structures generalized from
recurring physical experiences, especially the experience of our own bod-
ies.... [Such schemata] include up and down, centrality, linkage, causation,
tension, pathways leading to a goal, and containment” (Snyder, 2000, pp. 108,
110; see also Arndt, 2011, 96-97, Figs. 2a—2c). Thus, one consequence of
rhythmically regulated group vocalisation is its tendency to reify patterning.
It forms a framework that fosters repetition, “formulaicness” and expectancy
— three attributes contributing to the redundancy that permits learning and
transmission of information (Richman, 2000, p. 304). The resultant formulae,
on account of their oft-repeated status, likely served to encode patterns of
expectation — if the beginning of a formula was heard, its continuation and
conclusion could generally be predicted.
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As evidence for rhythmic entrainment/synchrony in humans, Patel notes
that

[i]n every culture, there is some form of music with a regular beat, a
periodic pulse that affords temporal coordination between performers
and elicits a synchronized motor response from listeners .... Humans
are able to extract periodicities from complex auditory stimuli, and can
focus their expectancies on periodicities at different hierarchical levels
in music .... These periodic expectancies are the basis of motor syn-
chronization to the beat on the part of listeners, as shown by the fact that
listeners typically tap or move slightly ahead of the actual beat, indicating
that synchronization is based on structured temporal anticipation ....
[However, ] there is not a single report of [a non-human ] animal being
trained to tap, peck, or move in synchrony with an auditory beat. (Patel,
2008, pp. 402, 403, 409; emphasis in the original)

The neural substrates underpinning structured temporal anticipation, or
“synchronisation-continuation” (Merchant et al., 2018, p. 172), are found in
several brain regions, both subcortical and cortical. The former include the
“cerebellum,” the basal ganglia (most often the putamen,®® but also caudate
nucleus and globus pallidus), and thalamus ...”. The latter include the
“supplementary motor area (SMA) and pre-SMA, premotor cortex (PMC),
as well as auditory cortex” (Merchant et al., 2018, pp. 173-174) (see also
note 84 on page 153). These various regions are connected in a “motor
cortico-basal-ganglia-thalamo-cortical (mCBGT) circuit” (Merchant et al.,
2018, p. 183). It appears that, by means of the mCBGT, “auditory and motor
regions connect through oscillatory activity, particularly at delta [1-3 Hz]
and beta [15-30 Hz] frequencies, with motor regions providing the [top-
down] predictive timing needed for the [bottom-up] perception of, and
entrainment to, musical rhythms” (Merchant et al., 2018, pp. 179, 182).

Moreover, there is evidence that “small ensembles of interconnected neurons”
in the SMA are “tuned” to sequential organisation in a manner seemingly

analogous to the “tonotopic” tuning of specific cells in the auditory cortex to

57 The cerebellum appears to subserve “absolute” timing (i.e., note-duration-based (rhythmic)
timing), rather than the “relative” timing underpinning the perception of the tactus and associ-
ated metrical hierarchies (Merchant et al., 2018, pp. 174-175).

58 The basal ganglia are subcortical structures, situated at the base of the cerebrum, on top of
the midbrain (mesencephalon) (Johns, 2014, p. 40).
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specific frequencies (via topographically aligned connections with corres-
ponding frequency-sensitive regions of the cochlea), and the “phototopic”
or “retinotopic” sensitisation of specific cells in the visual cortex to specific
elements of the visual field (via topographically aligned connections with
corresponding orientation-sensitive regions of the retina), discussed in §3.8.3
(Merchant et al., 2018, pp. 187-188). This “temporal and sequential informa-
tion is multiplexed in a cell population signal across the mCBGT that works
as the notes of a musical score in order to define the duration of the produced
interval and its position in the learned ... sequence” (Merchant et al., 2018,
p- 188).

While the mCBGT circuit is found in all primates, studies underpinning
the gradual audiomotor evolution hypothesis (Merchant & Honing, 2014)
suggest that “the complex entrainment abilities of humans seem to have
evolved gradually across primates, with a duration [rhythm]-based timing
mechanism present across the entire primate order ..., and a beat [metre]-
based mechanism that is most developed in humans ...” (Merchant et al.,
2018, p. 172).%” Similarly, Patel notes that “the basal ganglia subserve interval
timing and motor control functions across a wide range of species, including
primates and rodents ...” (2008, p. 410; see also Fitch, 2010, pp. 365-366,
who notes their hypothesised implication in the comprehension of syntax),
so it is natural to ask what is special about our own species that allows us
to entrain rhythmically when members of these other species (as the last
sentence of the quotation from Patel (2008) on page 95 indicates) cannot.

7

Patel’s answer, the “vocal learning and rhythmic synchronization hypothesis’
(2008, p. 411), asserts that vocal learning — the ability “to produce vocal
signals based on auditory experience and sensory feedback” (Patel, 2008,
p. 410) (§2.7.5) —bootstrapped the capacity of the basal ganglia by fostering
the “online integration of the auditory and motor system” (Patel, 2008, p. 410;
see also Patel, 2018, p. 120). This integration connects systems for sound and
motion production (vocalisation and periodic beat-generation, respectively)
with those for sound and motion perception (audition and proprioception,

59 The “beat-based mechanism ... shows some of the properties [of the fully developed
human system] in monkeys [specifically macaques], and is present at an intermediate level
in chimpanzees” (Merchant et al., 2018, p. 172), the latter evidenced by the swaying-motion
entrainment discussed in §5.3.4.
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respectively) in a synergistic feedback loop.®® The capacity for vocal learning
is very rare among animals, appearing to exist only in Homo sapiens, certain
birds and certain cetaceans (Patel, 2008, p. 410), the latter two groups being
the most “musical” after our own species.®! This issue is taken up in §2.7.5
(apropos humans) and in §5.4 (apropos non-human animals).5?

Morley also foregrounds the close coordination between vocal and motor
centres in the brain (2012, 128--130), emphasising the strongly embodied
and enactive aspects of musical and linguistic perception and production
(see also Leman, 2008; Shapiro, 2011; Cox, 2016). More broadly, and as
suggested in §2.2, “the integral importance of bodily movement in musical
behavior has been overlooked in the way we define music in Western cul-
ture. Typically, hearers are also participants. What is atypical is silent and
motionless listening” (Dissanayake, 2000, p. 397). Thus, unlike the often
passive nature of the listening culture of “classical music” — which is often as
static as it is solitary — the dancing-vocalisation of early hominins was in all
probability urgently and relentlessly physical. While aptive on account of its
general group-bonding effects, the social synchrony engendered by rhythmic
synchrony served a number of specific, interconnecting functions, including
labour-enhancement (this surviving in modern-day work-songs), defens-
ive alignment (persisting in modern-day marching music), and religious
intensification. For these visceral reasons, music today continues to impel
movement and synchronisation in its participants, as seen most strongly —

0 As with the role of oxytocin discussed in note 48 on page 80, there is a likely neurochemical
basis for rhythmic anticipation and entrainment, in the form of the “reward” circuits associated
with the neurotransmitter dopamine. Harvey notes that “[t]he limbic system, which includes the
hippocampus, parahippocampal gyrus, amygdala, and cingulate cortex, is involved in several
functions including learning, memory, motivation and emotional responsiveness. Music can induce
activity in all these regions, while music that is perceived as arousing and is appreciated also
drives dopaminergic activity in nucleus accumbens in the ventral striatum, an anticipatory and
reward center” (2020, p. 6; emphases mine). In short, there is an affective pay-off in entraining to
a tactus, one in synergy with the warm prosociality motivated by the release of oxytocin when
this entrainment is communal. See also Savage et al. (2021, p. 10, Fig. 3; p. 11).

61 Counter-evidence to the vocal learning and rhythmic synchronization hypothesis — or
certainly evidence counter to the last sentence of the previous paragraph — may be found in
the case of the California sea lion (Zalophus californianus), which, while not considered a vocal
learner, is nevertheless able to entrain to an external rhythmic stimulus (P. Cook et al., 2013).

62 Additional evidence for this connection, in the form of a motor-vocal link between movement
prediction and precise sound control, may be found in the capacity of birds (§5.4.1), dolphins
and seals — all capable, to varying degrees, of vocal learning - to intercept moving objects and,
as far as is known, the absence of this capacity in the non-vocal-learning apes (Nicholas Bannan,
personal communication).



98 Music in Evolution and Evolution in Music

apropos the last of the aforementioned three purposes —in the quasi-religious,
trance-inducing dance cultures of many contemporary popular musics (Till,
2010) and their homologues in extant indigenous hunter-gatherer societies.
The motion motivated by music, individually and as part of a group, is also
inherently emotional, for according to Levitin,

[w]hat we call emotions are nothing more than complex neurochemical
states in the brain that motivate us to act. Emotion and motivation are
thus intrinsically linked to each other, and to our motor centers. But the
system can work in the other direction, because most neural pathways
are bi-directional. In addition to emotions causing us to move, movement

can make us feel emotional. (Levitin, 2009, p. 54)

Augmenting the process by which we can sometimes help ourselves to feel
more cheerful simply by smiling, the collective “e/motion” of rhythmically
synchronised communal music-making serves powerfully to enhance emo-
tion, binding a group together by means of an intense feeling of shared
purpose. According to Tarr et al. (2014, p. 6), this results from the synergy
between two interconnected mechanisms: “self-other merging” resulting
from synchrony (an important component of the quasi-religious states re-
ferred to above); and the motivating release of endorphin (and, pace Harvey
(2020), oxytocin and dopamine; note 48 on page 80, and note 60 on page 97,
respectively) resulting from such synchronised physical-social activity.

It is clear that anything that binds individuals into a community —in this case
emotionally intense musilinguistic and physically coordinated vocalisations
—is likely to offer a survival advantage to the individual and thus be aptive.
This is because cooperation — the one being protected by the many, in return
for individual contribution to the collective — is often more successful than a
solitary existence. Assuming the presence of a neural “system for processing
and keeping track of social contracts” (Carruthers, 2002, p. 663) (§3.8.1),
the dynamics of such groups tend to reward limited self-sacrifice/denial
and to penalise individual acts of selfish transgression. This is not to argue
for a group-selection (§1.6.2) hypothesis in such cases, although some do
in this connection (Levitin, 2009, p. 45). Rather, it is to say that individual
selfishness is often best served by the kinds of altruistic acts group living
requires to function effectively (discussed in §3.7 under the rubric of “game
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theory”). Indeed, G. Miller (2000, p. 352) argues strongly against group
selectionism as an force in the evolution of human musicality, advocating
instead sexual selection — considered in the following section — as its principal
driver (§2.5.3). Nevertheless, he argues that “if music did have individual-
level benefits, such as courtship benefits under sexual selection, it may be
possible for group selection to reinforce them with group benefits” (2000,
p- 352).

2.5.3 Sexual Selection

The elaborate tail-feathers of the Indian peacock (Pavo cristatus) and of other
peafowl species, which overwhelm those of the peahen in size and coloura-
tion, represent the locus classicus of sexual selection theory. This concerns

the process by which individuals compete for access to mates and fertiliz-
ation opportunities .... Darwin (1871 [ (Darwin, 2004)]) developed the
concept of sexual selection to explain the evolution of exaggerated and
flamboyant characters such as calls, odors, ornaments, and conspicuous
behaviors that are present in one sex only and cannot be easily explained
as adaptations to the ecological conditions of a species. (Kuijper et al.,
2012, p. 288)

The mechanisms underpinning sexual selection are especially complicated
because, unlike natural selection, sexual selection requires the coevolution of
two traits: the (usually male) ornament (i.e., the “calls, odors, ornaments, and
conspicuous behaviors”) and the (usually female) preference for the ornament.
These traits exist in a state of “linkage disequilibrium” (LD), where there
is “a nonrandom association of alleles at two or more loci” (Slatkin, 2008,
p- 477). That is, in the case of sexual selection, the alleles for the ornament
and those for the preference are associated in a population at a frequency that
is higher than that which might be expected on the basis of purely random
linkage. In one of the first systematic treatments of the subject, Fisher (1915)
hypothesised that

female preferences could evolve through a self-reinforcing runaway pro-
cess. Fisher argued that, once a female preference for a certain ornament
has gained a foothold in a population (for whatever reason), both the

preference and the ornament are subject to positive selection, but for
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different reasons. For the ornament, the argument is simple: Ornamented
males will have a mating advantage if sufficiently many females mate
preferentially with such males. For the preference, the argument is more
sophisticated because selection on the preference is indirect. Because
females with a strong preference tend to mate with males with a pro-
nounced ornament, preference and ornament alleles often co-occur in
the offspring of such matings, leading to a statistical association [i.e., a
linkage disequilibrium] among these alleles. As a consequence, [dir-
ect] positive selection on the ornament will induce correlated [indirect]
positive selection on the preference. Hence, preferences induce the evol-
ution of ornaments and subsequently become selected owing to their
association with the ornament. Fisher realized that this self-reinforcing
process could explain the huge exaggeration of sexual ornaments ob-
served in many organisms. Interestingly, Fisher’s arguments apply to
arbitrary ornaments. In other words, ornaments that evolved through
the so-called Fisher process do not necessarily indicate any inherent
quality of their bearers. (Kuijper et al., 2012, p. 290; emphases mine)

It took until the 1980s for Fisher’s qualitative verbal articulation of the mech-
anisms underpinning sexual selection, initially not fully accepted, to be
modelled quantitatively using computer simulations (Kuijper et al., 2012,
p- 290). Four approaches have been developed to this end: (i) population
genetics; (ii) quantitative genetics; (iii) invasion analysis; and (iv) individual-
based simulations (summarised in Kuijper et al., 2012, pp. 290-291). The
first “directly models the evolutionary dynamics in terms of changing gen-
otype frequencies” (2012, p. 289). The second “describes evolution at the
phenotypic level but still takes account of genetics ..., thus yielding plausible
assumptions on the transmission of phenotypic traits from parents to their
offspring” (2012, p. 293). The third is focused on situations where popula-
tions are “repeatedly challenged by the invasion attempts of rare mutants....
evolution proceeds by a series of subsequent invasion and trait-substitution
events” (2012, p. 294). The fourth “keeps track of a finite population of
[virtual] individuals, each of which has a set of properties (e.g., genotypes,
sex, degree of preference, degree of ornamentation)” (2012, p. 291).

Zahavi and Zahavi (1997) relate sexual selection to what they term the “han-
dicap principle”. Contradicting the assertion in the quotation on page 99
that “ornaments that evolved through the so-called Fisher process do not
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necessarily indicate any inherent quality of their bearers”, this is the notion
that by investing resources into such displays, an organism is indicating that
it can cope with the “handicap” this investment entails, on account of the
organism’s having sufficient genetic wherewithal — in part the result of an
unimpeded developmental trajectory (Merker, 2012, p. 226) — to shoulder the
burden the handicap imposes. In Miller’s formulation, “an indicator [i.e., an
ornament] must have a higher relative cost to an unfit animal than it does to
a highly fit animal”, leading to the “apparent paradox that animals advertise
their fitness with displays that, being most costly, most reduce their fitness”
(2000, p. 339). The handicap principle relates to the wider issue of signalling
(in its broadest sense) by organisms as a means of communicating with each
other, and the associated tendency, in some situations, for organisms to use
“dishonest” (false, deceptive) signals for their own evolutionary advantage
(discussed in §3.7). A sexually selected ornament, like other types of handi-
cap, represents an “honest” signal, on account of its genuine and unavoidable
- nevertheless bearable — costliness to the organism that possesses it.

As outlined in the quotation on page 99, the Fisher process hypothesises
that selection on the (male) ornament is direct whereas selection on the
(female) preference is indirect. The benefits to a female may themselves be
either direct or indirect. Direct benefits accrue to a female in the form of her
own fecundity, because the genetic health conveyed by the honest signals of
the handicapping ornament benefits her genes by helping to create strong
offspring (Kuijper et al., 2012, p. 297). Indirect benefits accrue to a female
in the form of the likelihood of her having grandchildren as a result of: nof
only (i) mating with a genetically robust male (the direct benefit); but also
(ii) mating with a male whose genes are able to produce a successful female-
wooing ornament in any male child. Indeed, in what is sometimes termed the
“sexy sons” hypothesis (Blackmore, 1999, p. 79), “[ t]he key benefit associated
with the Fisher process is a greater number of grandoffspring: [a]ccording
to this theory, choosy females will produce attractive [i.e., convincingly
ornamented ] sons, which in turn will have a higher mating rate” (Kuijper
etal., 2012, p. 297), thus potentially advantaging the female’s genes further
into the future than would be the case for the direct benefits alone.
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Turning specifically to vocalisations (as opposed to other sexually selected
attributes), sexual selection was for Darwin the most powerful factor in
the origin of music (Fitch, 2010, pp. 490-492). He believed music played a
significant role in enhancing the appeal (usually) of males to females at a
stage in human evolution where coaxing rather than coercion had become
the default context (§2.3.3). In The descent of man, and selection in relation to
sex (Darwin, 2004), he argued — in a passage that also indicates his views on
the (music-before-words hypothesis) origins of language (§2.7) — that

63

[a]s the males of several quadrumanous™ animals have their vocal or-

gans much more developed than in the females, and as a gibbon, one of
the anthropomorphous apes, pours forth a whole octave of musical notes
and may be said to sing, it appears probable that the progenitors of man,
either the males or females or both sexes, before acquiring the power
of expressing their mutual love in articulate language, endeavoured to
charm each other with musical notes and rhythm. (Darwin, 2004, p. 639)

Assuming that the sexual selection hypothesis is correct in principle and
practice, and also assuming that “the [male] progenitors of man” did use
music to “charm” their (female) mates — a probability Darwin extrapolates
on the basis of the behaviour of various extant species of non-human primates
(8§5.3) — the issue for present purposes is whether the genetic underpinnings
for sexually selected vocalisations in our hominin ancestors passed into the
human line and, if they did, whether they formed, if not the sole, at least one
basis for the evolution of human musicality (and possibly for the evolution
of language competences). In other words, can human music be regarded
as having been founded, in whole or in part, upon the kind of innate (gene-
driven) calling and “conspicuous behaviors” (to recall the quotation on page
99) made by certain male non-human primates and, indeed, by the males
of other species with sexually divergent vocalisations? Note that sexual
selection is not necessarily a prerequisite for human musicality, because
non-differentiated vocalisations (i.e., ones very similar across both sexes)
could alone have formed a substrate for musicality. In the case of sexual
selection, the argument is that, like the peacock’s feathers, male vocal displays
“supercharged” (and unbalanced) an evolutionary process that may in all
likelihood already have been under way.

63 Having four feet, all specialised for use as hands owing to opposable digits.
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G. Miller (2000) argues that sexual selection played a central role in the
evolution of human musicality, ranking it above (but not necessarily to the
exclusion of) the other candidate explanations considered in this section (see
also G. Miller (2001)). In humans, “complex psychological adaptations”,
such as music, are particularly effective ornaments, given their dependence
upon a brain that consumes a substantial part of our genetic, ontological
and ongoing energy resources (G. Miller, 2000, pp. 339-340). Nevertheless,
such ornaments may initially arise as a result of aesthetic preferences — “psy-
chological foibles” — on the part of the animal, leading Miller to distinguish
between fitness-revealing indicators/ornaments and aesthetic displays (2000,
pp- 341-342). The two categories are difficult to separate, however, because
a trait initially selected on the basis of a random aesthetic preference may;,
through the Fisher process, subsequently be co-opted as a reliable indicator
of fitness.

Miller’s early work on music as a sexually selected adaptation came with a
plea for “much more detailed quantitative data about music production and
reception” (2000, p. 353), which, as discussed below, has indeed appeared in
recent years. Writing initially in the absence of such data, he offers certain
pieces of circumstantial evidence that might support the hypothesis. Taking
Jimi Hendrix as an exemplar, he discusses the seeming predominance of
males over females in much of recent and contemporary musical culture,
particularly in popular music; the common age-profile (often under thirty) of
the most commercially successful male pop-music performers; the common
sexual promiscuity of many such musicians; and the fast-living, early-dying
lifestyle of the pop musician (2000, p. 331).%* Miller’s claims do not always
align comfortably with the tenor of our age, which, often for legitimate
political reasons, tends to try to balance arguments for (natural) differences
in various capacities between the sexes with (nurtural) socio-economic and
socio-cultural explanations. Whatever the causes of differences between the

careers of male and female musicians, even some women commentators

64 The “27 Club” refers to the not insubstantial group of pop musicians who died prematurely
at the age of twenty-seven, whose number includes not only Hendrix but also Kurt Cobain,
Jim Morrison and — unsupportive of the sexual selection hypothesis — Janis Joplin and Amy
Winehouse (but see Wolkewitz et al. (2011)). As a counter to the ““pheromonal” power of a
guitar case” (Harvey, 2017, p. 98), Fitch argues that “[a] woman choosing a one-night-fling
with an itinerant musician today might have made quite different decisions knowing she might
become pregnant with a bastard son in earlier times or other cultures” (2006, p. 201).
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notice, and indeed celebrate, at least some differences in the manifestations
of musicality in males and females, which are often held to extend to musico-
stylistic distinctions (Rieger, 1992).

As mentioned, some recent studies have attempted to test empirically the
sexual selection hypothesis for the origin of human musicality. In an over-
view of what is still a relatively small body of research, Ravignani (2018)
identifies four areas within which testing has been focused and, on the basis
of extant literature, assesses to what extent these components of sexual se-
lection theory might have received experimental support. These areas are:
(i) genes coding for musical abilities (positive evidence for effects of natural
and sexual selection exists); (ii) associations between musicality and traits
relating to higher fitness (positive evidence for effects of natural and sexual
selection exists); (iii) higher mating success in musically skilled individuals
(negative evidence for both natural selection and sexual selection exists); and
(iv) sexually dimorphic preferences (neutral evidence for natural selection
and positive evidence for sexual selection exists) (2018, p. 717, Tab. 1).%

One of the most comprehensive studies to which Ravignani (2018) refers,
Mosing et al. (2014), is based on a large sample of Swedish monozygotic
(identical) twins, which afforded the opportunity to compare differences in
musical aptitude and reproductive success in genetically identical pairs of
individuals. The study’s three main hypotheses (Mosing et al., 2014, p. 360),
derived from the principles of sexual selection theory, and the associated
findings in summary, were: (i) musical ability is correlated with mating
success (“men with higher music achievement had more children; however,
this association was not found for men with higher musical aptitude and
there were no significant associations of the two musical ability measures
with number of children in women” (2014, p. 363)); (ii) musical ability is
associated in males with traits indicative of genetic fitness, such as physical
agility and cognitive ability (“there were significant positive correlations of

musical aptitude and music achievement with general intelligence as well

65 This research tradition has its wilder fringes: after complaints about Guéguen et al. (2014)
— the article’s research methodology involved the soliciting of young women in the street by a
confederate of the researchers carrying variously a guitar case, a sports bag, or nothing — the
journal in which it was published, Psychology of Music, issued an “Expression of Concern”. Find-
ing this insufficient, some researchers organised a petition (at https://tinyurl.com/PoMletter)
calling for the article’s retraction.


https://tinyurl.com/PoMletter
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as negative correlations [i.e., quicker reactions]| with simple reaction time”
(2014, p. 363)); and (iii) the correlation in (ii) is genetically based (“musical
aptitude is moderately heritable” and “genetically correlated with IQ” (2014,
pp- 363-364)).

The study’s findings are more nuanced than the brief summary just given
indicates but, as a final overview, Mosing et al. (2014) conclude that

[t]he findings provided little support for a role of sexual selection in the
evolution of music. Individuals with higher musical ability were gener-
ally not more sexually successful (at least not quantitatively), although
men scoring higher on the music achievement scale did have more offspring
[hypothesis (i) above]. Musical aptitude was correlated with other po-
tential indicators of fitness, such as general intelligence, simple reaction
time, and — for females — height. However, the genetic components of
these associations were not significant with the exception of the genetic
covariation between musical aptitude and general intelligence. (Mosing

etal., 2014, p. 365; emphasis mine)

In a similar study, Madison et al. (2018), like Mosing et al. (2014), assess the
correlations between the two variables of musical ability and reproductive
success (which sexual selection theory maintains are dependent variables);
but they also incorporate a cluster of other mate-value variables, related to
the perceived attractiveness of potential mates, both physically and in terms
of assessments of health, status and reliability. Essentially, respondents were
asked how sexually attracted they were, and how emotionally committed
they might be, to a series of candidate individuals represented by images of
faces (of varying attractiveness), whilst hearing music (of varying quality)
those mate-candidates were asserted to have produced. The study’s three
main hypotheses (Madison et al., 2018, p. 122),% derived from the principles
of sexual selection theory, and the associated findings in summary, were:
(i) males and females prefer mates with higher attractiveness and musical
performance quality (MPQ) (“participants of both sexes assign both higher
mate value and mate preferences as a function of greater attractiveness and
performance skill” (2018, p. 125)); (ii) females are more sensitive to MPQ
than are males (“this [is] the case for all mate preferences and all mate

% Unlike those of Mosing et al. (2014), the hypotheses of Madison et al. (2018) are orientated
to the demand (female) rather than the supply (male) side of the sexual selection equation.
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values except Parenting Skill” (2018, p. 125)); and (iii) for females, likely
offspring-engendering relationships are more influenced by MPQ than non-
offspring-engendering relationships (“the only significant effect of MPQ on
any mate preference scale pertains to women’s preference for a long-term
relationship, which is that most likely to lead to children” (2018, p. 125)).

Charlton (2014) adopts a much more direct approach than Madison et al.
(2018) and Mosing et al. (2014), attempting to correlate women’s preference
for complex music with their menstrual cycles. The aim is to determine
whether a preference for complex music, as a putative sexually selected
ornament, is related to women'’s assessment of a partner’s genetic fitness
and thus his direct contribution to an offspring (which sexual selection
theory would predict), or to his long-term co-parenting value and thus his
indirect contribution (see also note 68 on page 108). There are, however, two
factors that militate to some extent against the efficacy of the study as a test of
sexual selection theory: the non-vocal-performative design of the experiment
(see the next paragraph), and the fact that the subjects could not (unlike
in Madison et al. (2018)) actually see any males in conjunction with the
musical extracts they heard. Nevertheless, Charlton concludes that “women
have sexual preferences for composers of more complex music during peak
conception times, but not outside this time. By contrast, a menstrual cycle
shift in preferences was not seen when women were asked to choose which
composer they would prefer as a long-term partner...” (2014, p. 4). The first
of these two outcomes was not observed in a visual-art control experiment,
which Charlton suggests — but see Levitin (2008, pp. 254-255) for evidence to
the contrary - rules out the involvement of sexual selection in any “general

attraction towards creative skill” (2014, p. 4).5”

%7 In a related study, G. Miller et al. (2007) demonstrated that the earnings from tips of lap
dancers are highest when ovulating. This goes against the view that our species has lost the
obvious oestrus (“heat”) phase of the menstrual cycle found in other mammals, including
non-human primates, because it appears clear that the male viewers were somehow able to
detect the dancers’ maximum period of fertility (ovulation) and calibrated their tips according
to the dancers’ perceived sexual potential (assuming that economic and sexual motives aligned).
If males can indeed detect (consciously or not) females” period of peak fertility, and if females
can indeed capitalise proceptively (consciously or not) on that capacity to detect, then it suggests
that: (i) the male (ornament) element of the sexual selection hypothesis for music can be most
efficiently targeted towards the most receptive females; and (ii) the female (preference) element
can be most effectively directed to profiting (genetically) from the most interested and valuable
males (even though lap dancers may normally target “men who are profligate, drunk, and
gullible rather than those who are intelligent, handsome, and discerning” (G. Miller et al., 2007,
p- 379)). See also point 14 of the list on page 148.
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There seems currently to be no incontrovertible evidence proving the sexual
selection hypothesis in relation to human musicality, although the findings
of Madison et al. (2018), while hedged by more caveats than the above sum-
mary indicates, are somewhat more favourable than those of Mosing et al.
(2014). That is not to say that such evidence is not there: it may simply be
waiting to be discovered by an appropriate methodology. Yet there are inher-
ent difficulties in designing experiments to test the hypothesis. Such studies
necessarily use modern humans and the music of our own time in order to
test a hypothesis relating to the very different environment of our prehistory
(but see Apicella et al. (2007) for cognate evidence from present-day hunter-
gatherers). Both the dynamics of contemporary human mating (not least
the availability of birth control and assisted conception, together with online
dating technologies), and the nature of present-day musical culture (often
mixing vocal and instrumental sounds, or using purely instrumental, and of-
ten consumed via recordings), make robust tests difficult. At its heart, sexual
selection relies strongly on a live performative element — incorporating not
just music but also dancing (§2.5.2) — whereby males advertise their fitness
to females using displays of musical and choreographic virtuosity, and this
element has not yet figured in experiments. Moreover, for understandable
reasons, studies have not yet attempted to measure the large-scale dynamics
of the reproductive choices multiple females make over extended periods
of time in the presence of multiple displays of live male vocalisation and
dancing (§5.4.1.3 makes similar points about evidencing sexual selection
experimentally in the case of bird-song). It is nevertheless telling that Mosing
et al. (2014) find a correlation in men between musical achievement and
reproductive success (hypothesis (i) of the list on page 104 and italicised in
the following quotation). This relates to the distinction made in their study
between musical aptitude and musical achievement: the first tests the kind
of knowledge needed to pass the music theory and aural-discrimination
tests favoured by examination boards and educational institutions; whereas
the second reflects individuals’ real-world artistic and financial success as
musical performers (Mosing et al., 2014, p. 361). The latter is arguably a
much better representation of the kind of musicality implicated in sexual
selection than the former, and the fact that Mosing et al. (2014) are able
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to correlate it with reproductive success is, if not definitive, then certainly

telling.®

If sexual selection — or even non-sex-differentiated, non-sexually-selected
vocalisation — were a driver of human musicality, it alone clearly cannot
account for the richness and diversity of human musics, historical and extant.
At most, it can explain musical capacities and motivations (musicality), not
the nature of their outcomes (music). A further “crane”, as opposed to a
“skyhook” (Dennett, 1995, pp. 73-75), was needed to build upon and aug-
ment the innate capacity, in order to connect primeval calls to sophisticated
melodies. The strongest candidate for that crane is, perhaps unsurprisingly,
cultural evolution, which, on this analysis, would have built upon the (per-
haps sexually selected) genetic capacity for vocalisation, and far outstripped
what was possible on the basis of an innate competence alone. The case for
this having happened in human evolution is strengthened by its seeming
occurrence in other non-human animal species, such as in certain birds and

cetaceans (§5.4).

Going beyond the notion that cultural evolution built music on top of the
genetically evolved substrate of musicality, it is tempting to ask if there might
additionally have been the operation of something akin to sexual selection
purely in the domain of culture. That is, could a culturally transmitted orna-
ment — a particular complement of musemes and associated “choreoemes”
(to assign a name to a unit of choreographic imitation) — have been associated
with a culturally transmitted preference — a taste-related liking for the orna-
ment represented by those musemes and choreoemes —such that they existed
in a cultural linkage disequilibrium, i.e., in an alignment that is more consist-
ent than would be expected on the basis of random association alone? The
linkage disequilibrium might arise as a result of repeated exposure, such that
the ornament and the preference become associated in a meme /musemeplex.
This is essentially the process underpinning taste-formation (§6.6.2), which

% In all sexually reproducing species there is a tension between quantity and quality of mating.
Prolific (multi-partner) mating does not necessarily result in greater genetic advantage (as
measured by the number of viable offspring and grand-offspring) compared with that arising
from enhanced parental care and investment. The sexual selection hypothesis is, however,
compatible with both the “males compete/females choose” and the “bi-parental investment/
good dad” scenarios, with musical achievement perhaps relating more directly to the former
and musical ability to the latter (Mosing et al., 2014, p. 364).
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Rosen attempts to explain when he argues, apropos “difficult” (modernist)
music, that

[i]t is not at all natural to want to listen to classical music. Learning
to appreciate it is like Pascal’s wager: you pretend to be religious, and
suddenly you have faith. You pretend to love Beethoven — or Stravinsky
—because you think that will make you appear educated and cultured
and intelligent, because that kind of music is prestigious in professional
circles, and suddenly you really love it, you have become a fanatic, you
go to concerts and buy records and experience true ecstasy when you

hear a good performance .... (Rosen, 2001, pp. 317-318)

While this is ostensibly a process operating at the individual level, it is also
necessarily socially contagious (in the same way that sexual selection is ge-
netically “contagious”). This is because (to paraphrase Rosen) “think[ing]
that [liking x| will make you appear [y]” — on the basis of having seen other
admirable, y-characterised individuals who like x (the ornament) — is what
motivates the exposure to, in this case, difficult music, which then establishes
the linkage disequilibrium connecting the musemes of the ornament with
the memes mediating the preference for them. Of course, this is not sexual
selection, because it is not directly concerned with gene-reproductive dynam-
ics (although preferences for certain types of music might form the ornament
component of sexual selection, making males appear “cool” in the eyes of
females); but it is nevertheless a functionally analogous cultural linkage
disequilibrium between two traits, one of which is a given phenomenon and

the other is a liking or preference for it.

Having discussed gene-based sexual selection, and having tentatively exten-
ded it to candidates for analogous cultural linkage disequilibria, are there
any ways in which the two might interact, synergystically or antagonistically,
to form four-way linkage disequilibria? The example of males appearing
more attractive on the basis of musical preferences just given might, when
understood in the light of the theory of “memetic drive” (§3.7.1), afford the
basis of a hypothesis. Without pre-empting the full discussion of memetic
drive in Chapter 3, suffice it to say that it holds that there is a similar correla-
tion between an ornament and a preference for that ornament, except that in
memetic drive, the ornament is the capacity to imitate and the preference is one
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for mating with good imitators. Moreover, the principle underpinning memetic
drive is sex-neutral: those with the ornament and those with the preference
can be either male or female (point 140 and point 141 of the list on page
255). If, however, there is a consistent sex-division between “ornamenter”
and “preferrer”, then classical sexual selection can work synergystically with
memetic drive, to the advantage (at least initially) of the genes subserving
the capacity for imitation, and to that of the memes that capitalise on that
capacity (point 141 of the list on page 255).

2.5.4 Music and Infant-Caregiver Interaction

As indicated in §2.3.4, infant-directed vocalisation exists in two (overlapping)
forms: ID singing and ID speech. These are types of rhythmically framed
speech-song-gesture communication ubiquitous in human cultures (Morley,
2012, p. 126). Patel summarises the differences between ID singing and ID
speech by arguing that the former has “slightly lower average pitch, more
tightly controlled pitch variation (as expected, because singing involves mov-
ing between well-defined pitch levels), and slower tempo” than the latter
(2008, p. 381). Despite these differences, there are many similarities, as might
be expected when discussing musilinguistic vocalisations. Dissanayake con-

flates the two forms — as I will, here and in §2.7.4 — arguing that

the solution to this problem [of infant altriciality ] was accomplished by
coevolution in infants and mothers of rhythmic, temporally patterned,
jointly maintained communicative interactions that produced and sus-
tained positive affect — psychobiological brain states of interest and joy —
by displaying and imitating emotions and motivations of affiliation, and
thereby sharing, communicating, and reinforcing them. (Dissanayake,
2000, p. 390)

Of course, this aligns closely with Levitin’s principle of motion as a motivator
of emotion (e/motion) articulated in the passage cited on page 98. While the
motion of IDS is in part internal to the vocalisations — these being “rhythmic,
temporally patterned” — it is also often associated with rocking actions on
the part of the parent, even when the utterances are not directed towards an
infant currently being held (Dissanayake, 2000, p. 397). As Harvey argues,

such “maternal attachment” is rewarded by oxytocin (2020, p. 3; see also
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2017, p. 140 and note 48 on page 80), another of the effects of which is
stress-alleviation (Dissanayake, 2008, p. 181).

Dissanayake (2008) assigns a fundamental role to IDS in the evolution of
music. Subject to the provisos given on the difficulty of reconstructing evolu-
tionary chronologies, the ordering of this section, and that of §2.3, has placed
consideration of IDS (§2.3.4, §2.5.4) after that of rhythmically mediated so-
ciality (§2.3.2, §2.5.2). For Dissanayake, however, the communal took second
place to the familial - the dyadic, as she terms it. Dissanayake maintains that

the cognitive capacities and emotional sensitivities that are used in hu-
man music as it is and has been practiced in societies all over the world
emerged, for good evolutionary reasons, from affinitive mechanisms
in interactions that evolved gradually between ancestral mothers and
infants as early as two million years ago, long before music as we think of
it existed. We can call these capacities and sensitivities profo-musical and
even find their antecedents in the ritualized behaviors of other animals.
Unlike many other survival-related behaviors, they were performed dyad-
ically — by two communicatively engaged people. They specifically used
and built upon neural substrates and hormonal mechanisms [the latter
including those discussed in note 48 on page 80 and note 60 on page 97]
for social affiliation and coordination that already existed in primates
and other mammals and became essential for the survival of helpless
infants and for the reproductive success of mothers. In a later, cultural,
development — ceremonial rituals — these same biological capacities and
sensitivities became ‘arts’, including or especially music. (Dissanayake,

2008, p. 172; emphases in the original; see also Dissanayake, 2012)

Thus, for Dissanayake, rhythmically structured vocalisations initially ap-
peared as an exclusively mother-infant form of communication and then
spread more widely within hominin cultures to create the basis of music-
ality and, some would argue, of linguistic competence (the relationship
between IDS and the (co)evolution of music and language is discussed fur-
ther in §2.7.4). She therefore stresses the fundamental importance of IDS
in our species’ survival, and sees it as an antecedent of the “temporal arts”,
of which music is arguably primary (Dissanayake, 2000). As with other
music-evolutionary sequences, it is difficult to see how this hypothesised
dyadic-then-communal ordering might be verified; and it is possible that the
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two forms of “proto-music” — mother-infant and communal — might have
originated very closely in time. This is because the capacities thought to
have underpinned mother-infant vocalisation may not have been confined
to females (clearly their motivations were strongest in mothers), and were
therefore potentially available across social groups for purposes — such as
social bonding, work-motivation and battle-preparation — other than the

nurturing of infants.

This issue of the relative evolutionary priority of dyadic versus communal
vocalisation is perhaps less relevant than the more fundamental point Dis-
sanayake (2008) is making. This is that a number of proto-musical attributes
of hominins — including auditory predispositions, vocal-production capacit-
ies and motor competences — shaped by selection for a variety of non-musical
purposes, were drawn together by mother-infant bonding and communal-
survival imperatives. Through ritualisation — which provides an opportunity
for the ingress of cultural-evolutionary forces — they became the basis for the
constellation of competences, some genetically controlled, some culturally
driven, underpinning the “temporal art” we now term music. In Cross’s
term, musicality arose as an “emergent exaptation” (2012), in his view one
that to some extent reconciles the dyadic-communal dichotomy by stressing
the assimilation into adult settings of the social-cognitive benefits of infants’
play. Taking communal music-making as a form of adult play — even if it has
very serious functions — he suggests that

in an increasingly altricial lineage, the need to accommodate to popula-
tion structures with an increasing proportion of members with access to
juvenile modes of cognition and behaviour ... may have favoured the
emergence of something like musicality as a means of assimilating the
exploratory value of those juvenile modes of cognition into the adult
behavioural repertoire .... Given that play is particularly a feature of the
behaviour of juveniles in social mammals, and given that it is likely to
have positive survival value for members of those species who engage
in it, it is probable that group behaviours that enable yet regulate it so
as to co-opt its utility into the adult repertoire are likely to have some

adaptive — or exaptive — value .... (Cross, 2012, p. 273)

The continuing significance of play to adults indicates that neoteny (or pae-
domorphosis) — the aptation-related survival into adulthood of features from
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infants and juveniles in K-selected species (see note 47 on page 79) resulting
from “the retardation of somatic development for selected organs and parts”
(Gould, 1977, p. 9) — while primarily relating to morphological features,®
also encompasses behaviour. Thus, “there is neoteny of the mind as much
as of the body” (Bannan, 2019, p. 37). The neotenic persistence of play into
adulthood found in our species engenders a behavioural plasticity (see note
81 on page 138) that supports creativity and socialisation, the latter arising in
part from the turn-taking behaviours fostered by IDS (Bannan, 2019, p. 15).

The “emergent exaptation” view parallels Patel’s hypothesis of music as
“neither adaptation nor frill” (Patel, 2008, p. 400) — “frill” here being ana-
logous to Pinker’s “auditory cheesecake” hypothesis (§1.1.2). Seeing music
in these terms is, for Patel, a “false dichotomy”, for “music belongs in a
different category”, being (like fire) “something we invented that transforms
human life” (2008, pp. 400, 401). He argues that “music was an invention
because each of the components of musicality (the cognitive [and morpho-
logical] foundations of musical behaviour) was cognitively linked to some
nonmusical mental [and/or physical] ability” (Patel, 2018, p. 114). As a
“transformative technology of the mind” (TTM), “once invented and exper-
ienced, it becomes virtually impossible to give it up” (Patel, 2008, p. 401),
partly on account of the neurotransmitter-system rewards music motivates
(82.3.5, §2.5.2) and partly because of the aptive benefits it affords.

In an “update” of his TTM theory, Patel acknowledges the importance of
cultural evolution and gene-culture coevolution (GCC; §3.2, §3.7) in hu-
man evolution, especially for the origin of pitch control in group singing,
group auditory-motor synchrony (§2.5.2), and the augmentation of working
memory (2018, pp. 119-122). He argues that “some components of music
cognition might originate as secondary uses of other brain functions (i.e., as
exaptations ... ), but then may become specialized through processes of GCC
to support musical behavior” (Patel, 2018, pp. 116-117). Thus, an exaptation
(the musical use of a function not originally evolved for that purpose) may
become an adaptation (the further gene-survival-enhancing development
of extant functions turned to musical use). Nevertheless, Patel arguably

% Asan example, our nearest evolutionary relative, the chimpanzee, shows significant changes
between infant and adult forms, including a degree of jawbone development not seen in humans
(Bannan, 2019, p. 37).



114 Music in Evolution and Evolution in Music

shies away from the full implications of this extension of TTM theory in
that, while endorsing GCC in principle — he acknowledges, for instance, the
gene-beneficial effects of the discovery and propagation of fire-use (§2.3.5)
— he does not adopt a thoroughgoing dual-replicator model. He does not,
in other words, acknowledge the existence, and self-interests, of memes for
fire-use or for other forms of culture, including music, and so does not admit
of their survival benefits as a TTM accruing to anything other than genes.
Unlike the theory of memetic drive (§3.7.1), Patel does not see musemes as
benefiting from the invention of music, nor does he acknowledge their power
to manipulate genes in order to serve their own selfish advantage.

2.5.5 Summary of the Aptive Benefits of Musicality

The foregoing discussion strongly suggests that human musicality is a con-
stellation of competences that were drawn together because of their aptive
synergy. Some of these are shared with other species, but none of these other
species possesses them in the number, development and alignment that, in
our species, gives rise to musicality. For example,

neural mechanisms underlying rhythmic entrainment ... seem to have
evolved convergently in humans and several vocal-learning lineages
of birds and mammals, but not in nonhuman primates .... However,
communicative signaling using instruments (e.g., African great ape
drumming) and semantically meaningful vocalizations (e.g., vervet
monkey alarm calls) are found in nonhuman primates but are rare or
absent in birds .... Thus, although multiple features of human music
have parallels in other species, it is the combination of these features as
a package that seems unique to humans. (Savage et al., 2015, p. 8989;

emphasis mine)

From the evidence considered hitherto, it seems likely that musicality’s and
music’s hypothesised role in social bonding, sexual selection and infant nur-
ture was strongly aptive and thus played a key role in leveraging our survival.
While their detailed evolutionary chronology is imperfectly understood, they
are not in principle mutually exclusive, and so it is reasonable to assume
that they interacted synergystically. Indeed, Savage et al. (2021, pp. 34, Fig.
1) integrate them as “complementary sub-components of a broader social

bonding function” under the rubric of a “music and social bonding (MSB)
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hypothesis” (see also Mehr et al. (2021), the peer commentaries respond-
ing to these two articles 2021, pp. 39-131, and the authors’ responses 2021,
pp. 132-147). Speculating on the broad sequence of events that underpinned
the evolution of human musicality, one possible scenario is as follows.

1. A number of competences — auditory, cognitive, vocal-production, and mo-
tor — existed in the early hominin line as adaptations, some of these being
homologous, others homoplasious with other mammals. These were probably
“modular”, being subserved by distinct brain sub-systems, but there was no

discrete module “for” music or “for” language, then or now.

2. These competences for “musilinguisticality” were drawn together by various
aptive forces, including social bonding, sexual selection and infant nurtur-
ing, which enhanced the interconnections between them by favouring those
individuals with ever tighter neural connections between the individual sub-
systems that subserved them. Bannan et al. (2023, p. 25) hypothesise a “time
course” starting with “chorusing as a social bonding mechanism” (c. 0.500
MYBP), followed by “maternal crooning” (c. 0.300), and continuing with

“singing or voice-matching in mate choice and retention contexts” (c. 0.2507?).

3. These biological-evolutionary developments created a platform of rhythmic-
melodic potentialities upon which cultural-evolutionary processes could be
initiated and sustained and so give rise to proto-music and proto-language,
principally stereotypical musilinguistic vocalisations and coordinated rhythmic-

motor patterns.

4. Gene-culture coevolution shaped the ongoing adaptation and exaptation of
the biological competences underpinning musilinguisticality, expanding and
refining certain capacities — such as memory for musilinguistic patterns and
fine vocal-motor coordination — and thereby creating an increasingly fertile
environment for continued cultural, and indeed biological, evolution in the

interconnected domains of music and language.

As this summary suggests, the process was almost certainly long and con-
voluted; it involved many brain and body systems; it involved combining
and re-purposing systems that arose for different purposes; it involved both
biological and cultural evolution; and it saw the bifurcation of musilanguage
into melodic-rhythmic-expressive music and prosodic-syntactic-semantic
language. Its effect was to spark what is sometimes termed the “Cognitive
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Revolution” - the appearance of Harvey’s “modern human mind” (note 35
on page 65) — which was likely to have been in full swing by c. 0.070 MYBP.

According to Harari,

[t]he period from about 70,000 years ago to about 30,000 years ago
witnessed the invention of boats, oil lamps, bows and arrows and needles
(essential for sewing warm clothing). The first objects that can reliably be
called art date from thisera ..., as does the first clear evidence for religion,
commerce and social stratification. Most researchers believe that these
unprecedented accomplishments were the product of a revolution in
Sapiens’ cognitive abilities.... The appearance of new ways of thinking
and communicating ... constitutes the Cognitive Revolution. (Harari,
2014, p. 21)

Harari ascribes the causes of the Cognitive Revolution to “accidental genetic
mutations [that] changed the inner wiring of the brains of Sapiens, enabling
them to think in unprecedented ways and to communicate using an alto-
gether new type of language” (2014, p. 21). From what has been said in
§2.3 and in the foregoing subsections, it is not unreasonable to invert this
sequence and to hypothesise that the “altogether new type of language” —
musilinguistic vocalisations (point 2 of the list on page 115) — came first,
creating a selective environment whereby those “accidental genetic muta-
tions” that enhanced such musilinguistic capacities were then favoured by

gene-culture coevolution (point 4).

Given the foregoing, it follows that, despite the enormous diversity of extant
and historical human musics, and of the cultural frameworks that sustain
them, there should be some underlying features — sometimes termed “uni-
versals of music” (§2.2) — that are common to all its manifestations and
that, therefore, can be assumed to be the markers of biologically driven apta-
tions, whatever cultural evolution subsequently goes on to build upon them.
Savage et al. (2015) note that “[c]lassic typologies from anthropology and
linguistics distinguish between absolute universals that occur without excep-
tion and statistical universals that occur with exceptions but significantly
above chance”; and between “universal features that concern the presence
or absence of particular individual features and universal relationships that
concern the conditional associations between multiple features” (2015, p.



2. The Evolution of Human Musicality 117

8987; emphases mine). Savage et al. (2015) undertook a study that tested the
distribution of 32 candidate musical features in a database of 304 recordings
representing a “diverse global music collection” that divides human music
into nine geographical regions (2015, p. 8988). Their findings are represented
in Figure 2.1 (2015, p. 8990, Fig. 3; see also Savage et al., 2021, p. 8, Tab. 1).

From the candidate thirty-two features, they identify eighteen statistical-
universal features meeting the criteria of global predominance across all
regions and majority prevalence within each region; but there are no absolute-
universal features, according to their dataset and methodology (Savage et
al.,, 2015, p. 8988). The eighteen statistical-universal features are categor-
ised according to pitch (e.g., use of discrete pitches), rhythm (e.g., use of
isochronous beat), form (e.g., use of short phrases), instrumentation (e.g.,
use of voice plus instruments), performance style (e.g., use of chest voice),
and social context (e.g., group performance) (2015, pp. 8988-8989). Also
represented in Figure 2.1, they identify ten features that constitute “a single
interconnected [statistical-universal | network centered on group perform-
ance and dance” (shown enclosed by bold boxes and connected by bold black
lines) (2015, p. 8989). They argue that

[w]ithin this network of universal relationships, group performance (1),
isochronous beat (2), motivic patterns (3), and few durational values (4)
were also identified ... as universal features, with phrase repetition (5)
narrowly failing this designation. This suggests that simple, repetitive
rhythms play a fundamental role in coordinating group performance
in almost all of the world’s music. The remaining five — percussion
instruments (6; including both membranophones (7) and idiophones
(8)), dance accompaniment (9), and syllabic singing (10; i.e., one or
two syllables per note without melismatic embellishment) — were not
necessarily common individually but tended to appear with these other

features when they did appear. (Savage et al., 2015, p. 8989)

If one takes this constellation of features as “musical fossils” of our evolu-
tionary past, then there are many resonances with the ideas outlined in this
section. In particular, the constellation, in the opinion of Fitch, “includes all
four ‘core components of human musicality” — song, drumming, social syn-
chronization, and dance” (in Savage et al., 2015, p. 8991). It aligns strongly
with the arguments of §2.3.2 and §2.5.2: that one of the driving forces in
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the coalescence of musicality was communal music-making based on: (i)
rhythmic coordination of vocalisation (Savage et al. (2015, p. 8990) note
that syllabic singing (feature 10 in the quotation above) optimises vocal co-
ordination); and (ii) rhythmic coordination of bodily movements. They are
(statistically) universal today, and are likely to have been so at the origin of
our species. This is not to underestimate the importance of the forms of solo
singing discussed in §2.5.3 and §2.5.4 — which might be understood in terms
of Lomax’s category of “individualized” singing (“characterized by embel-
lished solo singing in free rhythm”), as opposed to his “groupy” singing
(“characterized by syllabic communal singing and dancing to simple, regu-
lar rhythms”) typical of the “single interconnected network” of Figure 2.1
(Savage et al., 2015, p. 8990).7° As will be explored in §2.7, “individualized”
singing, increasingly detached from its original reproductive imperatives, is
believed to have played a key role in the evolution of language.

2.6 The Evolution of Instrumental Music

Hitherto little attention has been given in this chapter to instrumental music,
partly because most evolutionary accounts of musicality focus primarily upon
the hominin body and the capacities with which evolution is understood
to have endowed it. As §2.5.5 indicates, early humans appear to have been
able to move in synchrony with their conspecifics in coordinated rhythmic
movement against a tactus; and they seem to have been able produce complex
vocalisations, either in conjunction with movement or alone. As a result,
a complex suite of music-related behaviours appears to have characterised
early human social groups involving coordinated singing and dancing. These
behaviours were variously adaptive or exaptive, or more likely a complex
and ever-changing mixture of the two.

“In sharp contrast to song, which has evolved repeatedly [in humans, birds
and whales, among other creatures], instrumental music is quite rare among
vertebrates” (Fitch, 2006, p. 183). A fuller explanation of the evolution of
musicality needs to account for the origin of instrumental music in humans
— its manifestations in animals are considered briefly in §5.3.4 — which, in

70 Lomax’s “Cantometrics” project represents an early, arguably imperfect, attempt to classify
song in cross-cultural terms (Lomax, 1976; Savage, 2018).



120 Music in Evolution and Evolution in Music

most extant human cultures, is tightly integrated with vocalisation and dan-
cing. Perhaps the most parsimonious explanation for the origin of musical
instruments is that they serve a prosthetic function: they extend the capacities
of the body, magnifying its innate potential for musicality and augment-
ing the sonic reach and effects of music. In a manner that aligns with the
aptive hypotheses discussed in §2.5, it seems the case that each of the two
major components of human musicality — synchronised rhythmic movement
and affective-communicative vocalisation — gave rise to instruments that
supported and enhanced them. In the former category are various percus-
sion instruments; in the latter are various wind instruments. The prosthetic
nature of instruments also means that their repertoire is likely to have assim-
ilated from the parent domain (gesture and vocality) figures appropriate
to it. Thus, on the basis of usage in current instruments, it is likely that
the earliest percussion instruments recreated the combination of unequal
durations against a tactus (perhaps sometimes giving rise to syncopation);
and the earliest wind instruments emulated the types of figures produced by
the vocal tract. The converse process — whereby the voice (and potentially
the moving body) borrows figures from the idioms of instrumental music -

may also have occurred, and is discussed in §2.7.4.

While “[t]he oldest uncontested bone flutes are a pair, made from wing
bones of a swan, from Geissenkldsterle in Germany, dated to 36,800 £ 1,000
years ago” (i.e., c. 0.036 MYBP) (Fitch, 2006, pp. 196-197; see also Conard
etal., 2009, p. 739, Tab. 1), other materials may also have been used for this
purpose. These include reed and wood, which are considerably easier to
work than bone but which, unlike bone, do not fossilise. These properties
suggest the possibility that reed and wood flutes appeared before — and
served as design templates for — bone versions. One of the earliest candidate
bone flutes has been “unambiguously radiocarbon-dated to 43,100 + 700
years of age” (i.e., ¢. 0.043 MYBP) and was found at a site in Divje Baba,
Slovenia associated with the Mousterian tradition — of ¢. 0.160-0.040 MYBP,
and cultivated by Homo neanderthalensis — of the Middle Palaeolithic period
(see note 35 on page 65) (Fitch, 2006, p. 197). Despite the claims of Kunej
and Turk (2000), there remains considerable disagreement as to whether
this object is indeed a musical instrument or merely a piece of bone that was

pierced by the teeth of another animal; of course, it could have been exapted



2. The Evolution of Human Musicality 121

as a flute as a result of having been “adapted” by animal teeth. If it were
indeed a Neanderthal flute — it can certainly be used to produce musical
sounds, but this cannot be taken as substantive evidence of its having being
designed for this purpose — then “it would date the origins of instrumental
music to the common ancestor of Neanderthals and anatomically modern
Homo sapiens — often equated with Homo heidelbergensis or H. antecessor ... —
and estimated to have split around 500,000 years ago ...” (i.e., c. 0.500 MYBP;
see note 38 on page 69) (Fitch, 2006, p. 197).

Secure candidates for an “intentional” flute of an earlier date than the Geis-
senklosterle swan-bone pair are four examples worked from mammoth ivory
found at Geissenklgsterle, and at Hohle Fels and Vogelherd (also Germany)
discussed in Conard et al. (2009). This material demands considerably more
labour than reed, wood or bone to fashion it into a workable instrument: “[i]t
requires forming the rough shape along the long axis of a naturally curved
piece of mammoth ivory, splitting it open at the interface of the cementum
and dentine or along one of the other bedding plains in the ivory, carefully
hollowing out the halves, carving the holes and then rejoining the halves of
the flute with air-tight seals along the seams that connected the halves of the
flute” (Conard et al., 2009, p. 738). These constraints indicate that hollow
pierced tubes made of ivory found in the material culture of hominins are,
unlike those made of bone, unlikely to have been bitten by other animals and
are thus intentionally shaped for sound-production. These four objects are
thought to be associated with the early part of the Aurignacian tradition —of c.
0.043-0.026 MYBP, and cultivated by Homo sapiens — of the Upper Palaeolithic
period. Thus, ignoring the Slovenian candidate — which “predates the onset
of full spoken language posited by many scientists” (Fitch, 2006, p. 197) —and
taking a more conservative assessment, one can assert that “instrumental
music is at least 36,000 years old [on the basis of the (later Aurignacian)
Geissenklosterle swan-bone flutes], but is almost certainly older, perhaps
much older [on the basis of the (earlier Aurignacian) ivory flutes]. As a
rough figure, we can thus take 40,000 years [0.040 MYBP] as the minimum
age of human music” (Fitch, 2006, p. 197; emphasis in the original). Given
the aforementioned prosthetic function of instrumental music, it is likely that
what we would regard as musical melodic-rhythmic vocalisation may well

have pre-dated this “minimum age” by many thousands of years.
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2.7 The (Co)evolution of Music and Language I:

Bifurcation from Musilanguage

music and language should be seen as complex constellations of sub-
processes, some of which are shared, and others not .... [From this, it
follows that:] 1. As cognitive and neural systems, music and language
are closely related. 2. Comparing music and language provides a power-
ful way to study the mechanisms that the mind uses to make sense out
of sound (Patel, 2008, p. 417)

Theorisation on the origin of language — the “hardest problem in science”
(Fitch, 2010, p. 15), or at least one of them — has been enriched in the last two
decades or so by considering the issue in conjunction with discussion of the
origin of music (Patel, 2008, Ch. 7).”! This follows decades of separating their
treatment,’? a strategy that often goes hand in hand with theorising language
as prior to music. Recent research has considered more systematically views
first expressed in the eighteenth and nineteenth centuries that saw the two
domains as intimately connected. Such integrated conceptions tend to view
music not as a successor to but rather as a precursor of language. While
Darwin’s statement that “the progenitors of man probably uttered musical
tones before they had acquired the power of articulate speech; and that
consequently, when the voice is used under any strong emotion, it tends to
assume, through the principle of association, a musical character” (in Gamble,
2012, p. 83) is perhaps the most well known articulation of this viewpoint
(see also the quotation on page 102), the dependence of language upon
music was recognised not only by Otto Jespersen after Darwin’s time but,
in the eighteenth century, by Jean-Jacques Rousseau (1712-1778) (Mithen,
2006, p. 2) and Johann Gottfried Herder (1744-1803) (Bohlman, 2002, p. 39),
and, in the nineteenth century, by the naturalist Alexander and the linguist
Wilhelm von Humboldt, both of whom corresponded with Darwin (Lansley,
2018; Lehmann, 2018).

71 The most comprehensive and sophisticated treatment of the evolution of language to date
is given in Fitch (2010), upon which I draw in various places in this book. See also (Dennett,
2017, Ch. 12)

72 This separation was encouraged by the prohibition by the Société de Linguistique de Paris
at its inception in 1866 of any discussion of the origins of language (Mithen, 2006, p. 1).
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An increasing body of evidence suggests that music and language are,
in many ways, different sides of the same coin (functionally, morpho-
structurally and evolutionarily): both are communicative (in the broadest
sense); both use organised sound in the form (initially) of melodic-rhythmic
vocalisation; and both are deeply interconnected in the brain in ways that
suggests an extended, shared evolutionary history (§2.7.7). As a result, this
book will consider language as well as music and will attempt to present
the evolution of human musicality as a shared journey with the evolution
of human linguistic ability. Both substrates appear to have contributed,
as facilitators of the development of symbolism, to the augmentation of
mental capacity — the Cognitive Revolution — that has led to the dominance
of our species on earth. In this sense, music and language have strong aptive
benefits, although, as the foregoing has suggested, disambiguating the
specific benefits of each domain — as with distinguishing musicality from

other human competences — is difficult.

Paralleling the argument made here in connection with the evolution of music,
Fitch stresses that the evolution of language built upon a broad collection
of physical, neural and psychological competences, each of which may have
had distinct evolutionary trajectories and may have evolved originally to
subserve other functions (2010, p. 21). To his “faculty of language in a broad
sense (FLB)” (Fitch, 2010, pp. 21-22, Fig. 1.1; p. 141, Tab. 3.1) — that is, the
constellation of interconnecting competences underpinning language — one
might add an intersecting “faculty of music in a broad sense” (FMB); and
thus admit the possibility that a particular physical, neural or psychological
attribute presently subserving musicality, or language competence, may have
had a different adaptive purpose originally. In such cases, the attribute’s
musical or linguistic use constitutes an exaptation (§2.5.1). By contrast, the
“faculty of language in a narrow sense” (FLN) — and the corresponding
“faculty of music in a narrow sense” (FMN) — refer to “those mechanisms
that are both unique to humans and special to language [or to music]” (Fitch,
2010, p. 22). There remains debate on which “sub-components” of the “multi-
component” FLB model are constitutive of the FLN and on the extent to which
elements of the super- and sub-sets are shared by non-human animals (Fitch,
2010, pp. 22-23), an issue that, on the basis of the foregoing, also applies to
the FMB and the FMN.
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The (co)evolution of music and language is a complex issue and, as noted,
will be treated as a strand running through a number of related sections
across the course of this book (§2.7, §3.8, §4.5, §5.6, §6.3 and §7.4).7° To give
a framework for the discussion to come, the following outlines the principal
issues involved and indicates the section(s) where they are treated:

1. Vocalisations are common in many animal species and serve a number of
functions. These include territorial demarcation, predator alerting, food-source

advertising and mate-attraction (§5.3).

2. While most such vocalisations are innate, some are learned (often on the basis
of an innate framework). The vocal learning underpinning the latter category
has been hypothesised to be a fundamental driver of music and language origin,

and of the brain expansion that supports it (§2.7.5).

3. Early hominin vocalisations appear to have existed in two main forms, both

broadly “holistic” in nature:

e Group vocalisation, involving rthythmically coordinated singing and dan-
cing, which appears to have relied, in part, on the rhythmic tactus afforded
by the bipedal orientation concomitant with a move from arboreal to sa-
vannah dwelling. Their main aptive function appears to have been the

fostering of social cohesion (§2.5.2).

e Individual vocalisations, which were more melodic than those in the
previous sub-category. Their main aptive functions appear to have been
mate-attraction (§2.5.3), mother-infant communication (§2.3.4), and/or

vocal grooming (§2.3.5).

4. On account of likely short-term memory (STM) constraints, holistic vocalisa-
tions were subject to segmentation pressures that divided them into smaller
units that were thus more memorable than their parent holistic utterances.
By this point, cultural as well as biological evolution was operative, because
the segmented patterns were themselves subject to the operation of the VRS
algorithm (§2.7.6).

5. The association of segmented units with objects and events in the external
world appears to have initiated a process of semanticisation and a concomitant

“linguistification” of utterances. That which remained became music, retaining

73 Some material in these sections is adapted from Jan (2016b).
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its powerful expressive/emotional charge, but lacking the semantic specificity
and high degree of syntactic regularity of language (§2.7.5).

6. The hypothesised evolutionary history of music and language has left its traces
in the structure of the modern human brain. Centres for music and for the
melodic aspects of language are broadly localised in the right hemisphere,
whereas centres for the syntactic and semantic aspects of music and language
are broadly localised in the left hemisphere. Rhythm appears evolutionarily
separate and older, being localised in subcortical brain regions, including the
basal ganglia (§2.5.2, §2.7.7).

7. The segmentation pressures referred to in point 4 appear also to have operated
in a number of bird and cetacean species, suggesting that biologically evolved
memory “bottlenecks” are an important factor — as replicator-makers and replic-
ator-shapers — in the cultural evolution of several species (§5.4). Moreover, the
early stages of a semanticisation process (point 5) are perhaps also observable
today in certain non-human animal species, offering an opportunity tentatively

to reconstruct the evolutionary history of human music and language (§5.6).

8. The processes hypothesised to have underpinned the evolution of music and
language in organic forms have been simulated, and arguably verified, us-
ing computers, which have evolved rich musical and linguistic cultures with

significant isomorphisms to those in human societies (§6.5, §6.3).

9. Language is deeply implicated in thought and consciousness, the latter un-
derstandable as a higher-level evolutionary system operating many orders of

magnitude faster than biological or cultural evolution (§7.4).

To boil this summary down further, the argument of the music-language
(co)evolution strand of this book is, in a nutshell, that while music and lan-
guage had a common musilinguistic origin, they bifurcated into their present
forms as a result of the tendency of musilanguage to undergo segmentation
and for one of the derivative forms to acquire more concrete meaning than
the other. This meaning-acquisition is part of the wider human development
of symbolism/symbolisation, whereby a thing in one domain is understood,
by virtue of association and/or of some isomorphism, to stand for a different

thing in another domain.
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2.7.1 Structural and Functional Commonalities between
Language and Music

As primarily vocal utterances, music and language share many morpho-
structural features: singing and speaking are generated by the same sound-
producing organs; they consist of temporally structured sound-sequences;
and they are communicative to varying degrees, information-transmission
being primarily affective/emotional in music and primarily referential in
speech. These similarities underpin the hypothesis that the two domains
have followed a shared evolutionary history — that, in some ways, their de-
velopment was intertwined. In order to identify structural and functional
commonalities between music and language, Fitch (2006, p. 176) draws upon
Hockett’s (1960) classic enumeration of the “design features” of human
language. These features are as follows (those not shared by (specifically
vocal) music are shown in italics): (i) vocal auditory channel; (ii) broadcast
transmission; (iii) rapid fading; (iv); interchangeability (that which can be
understood can also be said); (v) total feedback (one can hear what one says
or sings); (vi) specialisation (the vocal signal triggers a desired result); (vii)
semanticity (sounds are associated with things); (viii) arbitrariness; (ix) dis-
placement (referring to absent things); (x) duality of patterning (combination
of finite set of meaningless elements to produce infinite set of meaningful ele-
ments); (xi) productivity (novelty and counterfactuality); (xii) discreteness
(words and music are digital, whereas innate human calls (laughter, crying,
screaming, etc.) are analogue); and (xiii) cultural transmission (Fitch, 2006,
p- 177, Tab. 1). Hockett later added three more features: (xiv) prevarication
(the ability to lie); (xv) reflexivity (using language to talk about language);
and (xvi) learnability (the capacity for a speaker to learn more than one
language) (Fitch, 2010, p. 19, Tab. 1.1; see also Fitch, 2010, p. 469, Tab. 14.1).

One of Hockett’s motivations in formulating these design features was to
identify aspects unique to human language, and thus not found in often
ostensibly communicative animal vocalisations. Subsequent research has,
however, indicated that several of the features Hockett believed to be unique
to human language are also evident in certain non-human animal vocalisa-
tions (Fitch, 2006, p. 176) (§5.6). The present focus, however, is upon the

relationships between human language and human music. To help elucidate
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these connections, Fitch (2006, p. 177, Tab. 1) maps Hockett’s design fea-
tures of language against human music, both vocal and instrumental. On
the basis of the relatively small number of items italicised in the previous
paragraph, Fitch concludes that “most of Hockett’s design features of lan-
guage are shared by music .... Furthermore, most of the nonshared features
appear to derive from one core difference between music and language: ref-
erentiality or ‘semanticity’. Language can be used to convey an unlimited set
of discrete, propositional meanings, and music cannot” (2006, p. 176). Thus,
aside from the issue of semanticity, Hockett’s design feature (vii), there is a
substantial “shared formal core of music and language” (Fitch, 2006, p. 173),

which suggests a close evolutionary relationship.

Brown (2000) identifies five scenarios that might account for the origin of
these design-feature similarities between music and language. One is that
there is parallelism between them: an early form of music and an early form
of language evolved separately, following distinct evolutionary tracks, and
any present-day similarities between them are homoplasies (resemblances
owing to parallel selection pressures), not homologies (derivation from a
common ancestor) (§1.7.2). A second scenario is binding, whereby despite
separate, parallel evolution, the two domains influenced each other at a
relatively late stage of their development, this accounting for the similarities
observable today. A third and fourth pair of scenarios concern outgrowth
(side-branching) of one from the other: either the evolutionary outgrowth of
music from an earlier form of communication that itself went on to develop
into language; or the evolutionary outgrowth of language from an earlier
form of communication that itself went on to develop into music. A fifth
and final scenario describes a common ancestor — a protolanguage or, the term
I prefer, musilanguage (Harvey, 2017, pp. 109-114) — for both music and
language. This antecedent, hybrid utterance — which many believe was much
closer to song than to speech — eventually bifurcated into two separate forms
of communication that then went on to develop into music and language.
As is often the case with such speciation events, each of the derived forms
retained certain traces of the common ancestral form (Brown, 2000, pp. 274-
277, Fig. 16.2). For a number of reasons, this fifth scenario — insofar as it
can be distinguished from scenarios three and four — is arguably the most

convincing, and it will be explored next.
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2.7.2 The Musilanguage Model

Fitch (2010) divides protolanguage into three categories, lexical, gestural and
musical. In brief, the first hypothesises a repertoire of semantically rich utter-
ances — protowords — but without an organising syntax (2010, p. 401). The
second suggests that, using “visual/manual” actions, “iconic, intentional
pantomime” was deployed as a means of pointing to and representing ob-
jects and phenomena (2010, pp. 433, 466). The third proposes a model of
“phonological generativity”, assembling utterances from a set of “sonic prim-
itives” (2010, pp. 466-467), which subsequently support semantics and, later,
syntax. Owing to the “repeated convergent evolution of song-like systems
in at least six vertebrate lineages” (2010, p. 470) (§5.4), and to the several
structural parallels between music and language discussed above under the
rubric of Hockett’s design features, this third category is pursued here. Ges-
tural protolanguage may nevertheless have preceded musical protolanguage
and — given it is still a living feature of human communication — provided a

scaffolding for it.

Advocated by Darwin himself (Fitch, 2010, pp. 397-399), musical proto-
language forms the basis of two recent hypotheses of language evolution:
Brown'’s “musilanguage” model (2000, p. 277; Fitch, 2010, pp. 487-489) and
Mithen’s “Hmmmmm” model (2006; Fitch, 2010, pp. 486—487). Each aligns
with the extant evidence; that is, they accord with what is known of the evol-
ution of the human sound-producing apparatus (lung capacity, vocal-tract
development; §2.3) and with the properties of the two domains themselves
(their various levels of organisation, including the aforementioned structural
and functional correspondences) (see, however, the final paragraph of this
subsection). Capturing the essence of this form of vocalisation in the sound
of its acronym, Mithen’s Hmmmmm model argues that musilanguage was
“Holistic, manipulative, multi-modal, musical and mimetic” (2006, pp. 138,
172). As with Brown, Mithen holds that Hmmmmm gradually bifurcated
into the two modern forms, with music retaining the melodiousness of the
original protolanguage while losing some of its (limited) referential capa-
city; and language acquiring stable semantic and syntactic content while
losing many of the more overtly musical inflexions of its parent. In this way,
he argues, the “singing Neanderthal” gave way to the speaking (but still
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musical) human; indeed, the evolutionary utility of developed language in
Homo sapiens may explain, in part, the extinction of Homo neanderthalensis

and our own species’ survival.

Brown’s (2000) and Mithen’s (2006) models, while not identical in all partic-
ulars, correspond sufficiently closely to warrant the joint/integrated consid-
eration they will be given here. I will generally refer to this common ancestor
using Brown’s term, musilanguage, unless referring specifically to certain
details of Mithen’s arguments. Not only does Bickerton (2003) prefer the
term protolanguage, he uses it in a different sense to Brown and Mithen.
Whereas the latter two endorse a view of musical protolanguage, Bickerton’s
is essentially a model of lexical protolanguage (Fitch, 2010, p. 404, Tab. 12.1).
Aside from this key difference, the term protolanguage is generally avoided
here — except when used either very generically or in specific reference to
Bickerton’s ideas (§2.7.6) — because it arguably privileges the linguistic over
the musical, thereby downplaying the importance of music(ality) in the

evolution of language.

Morley sees musilanguage as a form of universal “social-emotive vocalization”
encompassing adult-to-infant (§2.5.4) and adult-to-adult communications.

He argues that it

was a form of communication that came to be used throughout the social
group at a much earlier time [than the appearance of Homo heidelberg-
ensis], without preference, both adult-adult and infant-adult, but is now
perpetuated, in this predominantly non-lexical form, in adult-infant
interactions and the prosodic content of adult speech. Furthermore,
the shared prosodic pitch- and tempo-related properties of emotional
vocalization (I[nfant]DJ[irected ] and A[dult]D[irected]) and music are
not borrowed from one to the other, in either direction, but are, and
always have been, a shared fundamental component of both. (Morley,
2012, p. 127; emphasis in the original)

For Morley, as for Mithen (2006), social-emotive vocalisation originated
towards the beginning of the Homo genus and not, with Homo sapiens, towards
the end. Moreover, in broad alignment with Brown’s (2000) and Mithen’s
(2006) positions, Morley argues that it “might gradually have evolved into
music ..., or at least provided shared foundations, but it could also have
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been the basis for language amongst all of a population” (2012, p. 127). In
considering musilanguage, music and language, it may in the end — despite
my alighting upon the last of the five scenarios outlined at the end of §2.7.1
— prove impossible to reconstruct what came first and what evolved into
what. But it is worth noting — to add to the discussion in §2.3.1 — that much
greater lung capacity and more precise vocal control is needed for singing
than for speaking (Fitch, 2006, p. 196; Merker, 2012, p. 232). Given that
humans possess this complex cognitive-motor facility, and given that it is
thought to have evolved not before the end of the Homo erectus line (Fitch,
2006, p. 196), then it is likely that musilinguistic vocalisation came first, and
was presumably aptive, before elements of it developed into the arguably
productionally less demanding incarnation of language. For this reason,
“fossil indicators related to vocal biomechanics that traditionally have been
taken to reflect the emergence of human spoken language may reflect the
emergence of human song instead” (Merker, 2012, p. 232).

While Brown’s (2000) and (particularly) Mithen’s (2006) accounts are
painstakingly outlined and convincingly supported, they can nevertheless
be criticised on the grounds that they do not take their Darwinian focus to its
logical conclusion. Mithen incorporates Darwinism into his consideration of
the genetic basis of language — by way of an analysis of such interconnected
aspects as bipedalism, the evolution of the vocal tract, and sexual selection
(2006, pp. 139, 146, 176) — but he does not complement this by a consideration
of Darwinism’s operation in the cultural dimension. In this sense neither
model offers a fully coevolutionary account of musilanguage (Durham,
1991), which would require considering the ways in which the selfish
interests of each replicator, gene and meme, interact in this domain. The
discussion of the evolution of music and language here and in subsequent
chapters attempts to redress this imbalance by reconceiving the process of
language evolution Mithen outlines in Universal-Darwinian terms, arguing

7 u

that his “mimetic” can be replaced by Dawkins’ “memetic” (Dawkins,
1989). Considering the self-interested replicated particle in culture as well
as in nature offers a means of arriving at a unified cultural-evolutionary
conception of music and language, one that understands their similarities
and differences as a consequence of the evolutionary forces acting upon

them. Moreover, it fosters a mediation between their phonological, syntactic
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and semantic dimensions (§2.7.3), and their neurological and psychological
foundations.

2.7.3 The Music-Language Continuum

An element of the musilanguage hypothesis touched on in §2.7.1 is that
traces of their common ancestor remain in music and language, such that the
former has a clear (if non-specific) communicative potential, and the latter
has a marked prosodic quality. Indeed, it is useful to think of the two modern
forms as occupying the ends of a music-language continuum, rather than as
absolute, closed categories. To help understand this it is useful to think in
terms of the three basic levels, or dimensions, of music-language organisa-
tion: the phonological (the level of sound structure, not wholly synonymous
with the phonetic (Fitch, 2010, pp. 95-96)); the syntactic (the level describing
the recursive/hierarchic combination of elements at the phonological level);
and the semantic (the level of meaning, which arises from the previous two
levels, both via individual word-meanings and via the structure of a sentence
as a whole) (Fitch, 2010, pp. 93-129; Fasold & Connor-Linton, 2014). It is
clear that “modern” language’ is well developed in all three dimensions,
whereas music — as Fitch notes in §2.7.1 apropos Hockett’s design features
of language — lacks a coherent referential semantics. While music certainly
“means” things — and a given piece of music may mean the same thing to
many people and many things to the same person — it lacks the relatively fixed
associations between sound-structure and meaning that are intrinsic to lan-
guage and that arise from interaction between the phonological and syntactic
levels. Of course, music has its own form of (often very highly developed)
syntax, in that different musical styles ensure coherence by constraining
the horizontal and vertical juxtapositions of sound-events in sophisticated
ways. But this syntax is not normally implicated in referentiality, only in
affect, where, for example, frustration of expected continuations gives rise to
a broadly emotional response in the listener (Meyer, 1956, Narmour, 1990;
Huron, 2006).

Brown incorporates these distinctions into a continuum that shows that,
despite the hypothesised bifurcation, music and language share certain at-

74 By this is meant all natural human languages, from the start of recorded history.
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tributes that betray their common origin in musilanguage. Figure 2.2 (Brown,
2000, p. 275, Fig. 16.1) represents this continuum, which incorporates the
two levels at which music and language operate, the “phonological” level

and the “meaning” level.

o The phonological level, in language, concerns phonemes and their assembly
into words and phrases.” In music the phonological level concerns pitches

and their assembly into motifs (musemes) and phrases.

o The meaning level, in language, relates to “propositional syntax”, which Brown
argues “specifies temporal and behavioral relationships between subjects and
objects in a phrase” and which “is based on relationships between actors and
those acted upon” (2000, pp. 292293, 296). In music, the meaning level relates
to what Brown terms “pitch-blending syntax” (2000, p. 274), which correlates
the structures formed by horizontal and vertical sound juxtapositions with
their expressive effects.”® In this sense, pitch-blending syntax is a hybrid of the
“introversive” and “extroversive” forms of semiosis formalised by Agawu, after
Roman Jakobson (Agawu, 1991, p. 23).

At the far left-hand side of this continuum (the top part of Figure 2.2),
language is represented as the use of sound for referential meaning and,
at its far right-hand side, music — certainly in what Brown terms its “acoustic
mode” (Brown, 2000, p. 271) —is represented as the use of sound for emotive
meaning. Being a continuum, there are naturally several intermediate states
between these two extremes, and these may be taken as evidence that the
bifurcation of musilanguage is not total, and that there are therefore modes
of communication that, while primarily linguistic, retain traces of music, and

vice versa.””

75 The subject of phonology (“the study of the sound systems of languages”), phonemes are
“those contrasts in sound ... which make differences of meaning within language” (Crystal,
2019, p. 248)

76 Essentially, patterns of openness/tension-closure/relaxation in music are correlated with
their emotional/affective equivalents, so the music is an analogue of, and a stimulus for, the
associated affect.

77 Long after evolutionary bifurcations, traces of one lineage tend to remain in the other, and
some very basic ground-plans — such as backbones — end up functionally unchanged across
several otherwise very different descendant lineages.
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2.7.4 Echoes of Musilanguage in the Modern World

In accordance with Donald’s “principle of the conservation of previous gains”
(in Fitch, 2010, p. 433), the extant intermediate states in the middle region
of the continuum of Figure 2.2 afford evidence for the past existence of
musilanguage and its persistence in our own world. Might we be able to
reconstruct this type of utterance, hearing once again the sounds that daily
echoed around the locations of hominin communities? At first thought, this
might seem impossible, because the hypothesised bifurcation of musilang-
uage is thought to have occurred after c. 0.200 MYBP (Mithen, 2006, p. 257)
and the essence of the parent utterance (while surviving vestigially in music
and language) might be thought to have been lost as a result of this divi-
sion. But it might be possible to find a “living fossil” of it, analogous to the
Coelacanth once long thought to have become extinct in the Late-Cretaceous
period (100.50-66 MYA) but discovered alive in 1938. Four particularly sug-
gestive intermediates might be identified: IDS, tone languages, mantras, and
certain other forms of quasi-syllabic vocalisation, of which “scat” singing
in jazz is one of the most salient examples, together with a provisional fifth
candidate in the form of electroacoustic music.

IDS has already been covered in §2.3.4 and §2.5.4. Suffice to add here that
Mithen asks “when we hear mothers, fathers, siblings and others ‘talking’
to babies, are we perhaps hearing the closest thing to ‘Hmmmmm’ that we
can find in the world today?” (2006, p. 275). In raising this issue again, it
is important to distinguish between IDS as a clue — on account of its “inter-
mediate” status — to the (co)evolution of music and language, this being the
concern here; and IDS as an aptation serving human survival, this being the
concern of §2.5.4.

In a fone language meaning is communicated in part by the production of
words at specific pitches, either fixed (“level tones”) or mobile (“contour
tones”) (Patel, 2008, p. 39). While over half the world’s languages are tonal
(including most African and south east Asian languages), only a very small
minority use the apparent maximum of five level tones (2008, pp. 40,41). The
Amazonian Ticuna language appears a strong candidate for the one most
proximate to musilanguage, in having five level tones and seven “glides”
from one pitch to another (2008, p. 42, Fig. 2.12). If tone languages are closer



2. The Evolution of Human Musicality 135

to music than non-tonal languages by virtue of their musical (prosodic)
characteristics, non-tonal - inflected — languages are closer to what might be
regarded as the essence of language. That is, they communicate meaning
primarily by their word-forms and grammatical structures, not by their
expressive-emotional flows, and so they are closer to artificial languages like
computer programming languages. This distinction perhaps suggests that,
in the future, human music will be increasingly intense emotionally, but with
ever looser syntax; whereas human language will be increasingly neutral
emotionally, but with ever tighter syntax.

Despite his assertion that IDS is the most likely contender for the persistence
of Hmmmmm, Mithen later goes on to offer the mantras of eastern religion
as an alternative, in his view stronger, candidate. He suggests that, “[a]s
relatively fixed expressions passed from generation to generation, [mantras]
are, perhaps, even closer than IDS to the type of ‘"Hmmmmm’ utterances
of our human ancestors” (2006, p. 277). Mantras exist in many different
forms according to the specific religious tradition from which they spring,
whether this be Hinduism, Sikhism, Buddhism or Jainism. But many align
closely with the hypothesised attributes of Hmmmmm, in that they exist as
melodic-melismatic elaborations of one or more syllables. Indeed, according
to Mithen, “[t]he philosopher Franz [sic; recte Frits] Staal ... concluded that
these lengthy speech acts lack any meaning or grammatical structure, and are
further distinguished from language by their musical nature” (2006, p. 277).

Various types of non-verbal vocalisations generally regarded as forms of
music are also candidates for residual musilanguage. Scat singing is perhaps
the most well known of these, being a prominent part of many jazz traditions,
as exemplified particularly by Louis Armstrong and Ella Fitzgerald. Scat
is a form of wordless vocal improvisation over some musical structure (a
melodic line or chord progression, for instance) that assembles nonsense
syllables associated with scale- and arpeggio-fragments, and other stereo-
typical figures, into longer sequences.”® Scat may have arisen as a result of
the assimilation by singers of sonic fragments (musemes) originally played

by instrumentalists, which seems a common and ongoing process in several

78 Cognate traditions of such non-verbal musicking include central-European yodelling (Wey,
2020), the polyphony of African pygmies (Rouget & Buckner, 2011), and Tuvan overtone singing
(Bergevin et al., 2020).
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musical cultures. In this sense, it might represent a reversal of the (seem-
ingly equally common and ongoing) process described in §2.6, whereby the
earliest instrumental music may have assimilated figures from vocalisation

and/or gesture.”

To these four categories, one might tentatively add a fifth, in the form of
certain types of electroacoustic music. As a result of the nature of the medium
itself, many works in this tradition lack clear segmental articulation; although
they are not entirely beyond a memetic analysis when inter-opus, cross-
stream mapping resulting from a transcendence of the medium’s intrinsic
constraints towards homogeneity occurs (Adkins, 2009). Such music is
arguably a homoplasy, not a homologue, of musilanguage; but it might be
predicted broadly to follow the course taken by musilanguage in its future
evolutionary history, and therefore indirectly to afford evidence in support
of the Brown/Mithen hypothesis outlined here.

2.7.5 The Power of Vocal Learning

One fundamental commonality shared by music and language — number
(xiii), and arguably others, in the list Fitch (2006) derives from Hockett
(1960) given on page 126 — is that while both stem from an innate capacity
or aptitude, both also need to be learned by cultural transmission in order for
an individual to acquire competence in them. While humans are innately
musical, facility in this domain requires the assimilation of and practise
with a repertoire drawn from an individual’s culture; and while children
are born with a capacity for language, they need to acquire the phonology,
syntax and semantics of their native tongue from their parents and peers.
This learning relies upon a form of imitation-assimilation, whereby what is
heard uttered by others is then repeated by oneself. Merker argues that “the
capacity to reproduce by means of the voice that which has been heard by
ear” is “a competence that is lacking in other apes, and whose corresponding
neural mechanism is, accordingly, a uniquely derived trait of the genus Homo”
(2012, pp. 215-216). Such vocal learning, or vocal imitation (Fitch, 2010, p. 339),

79 The Brilliant style topic — in which bravura vocal figures based on scales, arpeggios and
leaps emulate those more idiomatic to instruments — and the Singing style topic — in which
lyrical instrumental figures based on conjunct, narrow-tessitura motion emulate those more
idiomatic to voices — represent these processes, respectively, in late-eighteenth-century music
(Ratner, 1980, pp. 19-20).
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is arguably at the heart of the constellation of interconnected phenomena
underpinning music and language, and appears to have been a key driver
of the evolution of modern humans. While occupying only a subsection
of this chapter, this should not be taken as an indication of the relative
(un)importance of the topic: the “vocal learning constellation” (Merker,
2012) is arguably the key to understanding why humans and certain non-
human animals are musical, and how humans came to acquire language; so,
directly or indirectly, it informs all parts of this book.

Merker’s argument is complex and extended, but is worth outlining the
elements of this “constellation” and their interconnections in full, as follows:

1. Biologists have often focused upon homology for answers to questions in
human evolution, ignoring the insights that analogy (homoplasy) affords when
used in comparative studies of the selection pressures driving the evolution
of traits shared by humans and often distantly related species (Merker, 2012,
pp- 216-217). One of these traits is vocal learning.

2. Most mammals and non-human primates communicate via innate vocalisations
(85.3), even though these can “undergo learned modification” to some extent

in response to certain contextual motivations (2012, p. 217).

3. The vocalisations of Homo sapiens, certain birds and certain cetaceans are charac-
terised by vocal learning, leading to the origin of two forms of culture in those
animals: (i) ritual culture, which — driven by a “conformal motive” impelling
high copying-fidelity (§1.6.3.3) — requires the acquisition, and adherence to in
performance, of a correct form, or “canonical pattern”; and (ii) instrumental
culture, which is guided by utility at the task undergoing imitation and is thus
subject to natural selection in favour of those most adept at the “observational
learning” and action-implementation characterising this form of culture (2012,
pp. 218-221).

4. Certain vocal-learning species possess an ““open-ended’ vocal ontogeny”, i.e.,

i

the capacity of ““vocal emancipation’... by which vocal production is released
from innate constraints to achieve genuine pattern novelty” (2012, pp. 221-222).
These “paths to non-predictability” (2012, p. 222) are achieved variously by
inter-species imitation, spontaneous invention/improvisation of new patterns,

and a process of assortative recombination whereby “model patterns are disas-
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sembled into phrases and fragments and reassembled into new unique song
types” (2012, p. 222).

5. The biological motivation for the significant energy costs associated with vocal-
isation, especially the florid type characteristic of “emancipated” vocal learning
species, is the “honest signalling” — be the audience for these signals “mates
or rivals” (2012, p. 227) - of the handicap principle (§2.5.3) (2012, p. 224).
Thus, “the level of song proficiency in effect sums up, in a single perform-
ance, the entire developmental history of the singer, and as such provides an
all-round certificate of competence” (2012, p. 226), be that competence for
fighting, mating, or offspring-nurturing — factors squarely associated with

sexual selection.

6. Vocal learning capacity correlates strongly with encephalisation, measured in
terms of brain : body and telencephalon : brain ratios,* as an allometric (body-
ratio-related) trait (§2.3.4). Thus, the proportion of the brain occupied by the
telencephalon in the African grey parrot (Psittacus erithacus), an emancipated

learner, is similar to that in humans (2012, p. 228).

7. Beyond the correlation noted above, Merker hypothesises that vocal learning
drove encephalisation (2012, pp. 229-230). He argues that, assuming a natural
or sexual selection pressure for vocal learning, there would be an aptive benefit
to an expansion of “telencephalic ‘song nuclei”” (2012, p. 229). But the archi-
tecture and ontology of the brain impose “yoked schedules of neurogenesis”,
which militate against simply expanding one component or system in isolation
(2012, p. 230). A more efficient process is “simple allometric expansion” —
i.e., scaling everything up in proportion, so embryology and ontogeny do not
have to be radically reconfigured (2012, p. 230). Thus, provided there were
sufficiently strong aptive benefits to vocal learning — and these seem clear on
the basis of both natural and sexual selection — then vocal learning seems to
have had great power in pushing evolution towards favouring ever greater
encephalisation. This claim is central to the issue of memetic drive, discussed
further in §3.7.1.%

80 The telencephalon is the part of the brain made up of the cerebrum plus certain sub-cortical
structures, and deals with demanding tasks involving perception, cognition and memory,
among other competences. Non-telencephalic brain structures, such as the cerebellum, tend to
be evolutionarily older and concerned with more instinctive capacities.

81 To consideration of encephalisation should be added the issue of brain plasticity (Har-
vey, 2017, pp. 60-62), a subset of the issue of phenotypic plasticity, which encompasses the
malleability of body, brain and behaviour. Humans are thought to have undergone significant
evolutionary changes in neural architecture, connectivity and chemistry that are involved in
“shaping activity and influencing the computational power of the brain” (2017, p. 60). These
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8. While vocal learning underpins human language, this does not necessarily
mean that it evolved (primarily or initially) for language: for Merker, its most
common function across the species in which vocal learning has evolved is
learned song, which implies that language is a later capacity that built upon
a (musilinguistic) song substrate (2012, p. 231). Thus, “[i]n a comparative
perspective, song evolves far more readily than speech, so an unusual size or
shape of [fossil indicators of vocal biomechanics] does not begin to bear on the
issue of speech until the explanation ‘song’ has been eliminated” (2012, p. 232;
see also §2.7.2).

9. The appearance of vocal learning in the Homo genus is hypothesised to have
occurred within Homo erectus(/Homo ergaster) (Table 2.1); and, after further
brain-expansion, the appearance of language is hypothesised to have occurred
within Homo sapiens (2012, p. 233).

10. The arrival of Homo erectus(/Homo ergaster) is marked by the sexual non-
dimorphism and male provisioning discussed in §2.3.3. Moreover, the men-
tal aptitudes required for the kind of foraging involved in provisioning —
“[c]uriosity, memory capacity, and strategic planning” — serve as additional

selection pressures for encephalisation (2012, p. 234).

11. The “strategic partnerships” (2012, p. 236) between males and females in-
trinsic to colonial monogamy (§2.3.3) were cemented by vocality, specifically
by the singing of duets. While “rare in terrestrial mammals”, there appears to
be a “latent functional coupling between monogamy and pair duets in prim-
ates”, evidenced, for example, in gibbons (§5.3.3) (2012, p. 236). Nevertheless,
non-human-primate pair-duetting, like that of other mammals, is “innately
structured”, and not — according to Merker’s hypothesis — vocally learned (2012,
p- 236). In a striking correspondence, the only other group of organisms aside
from (early) humans where pair-duetting involves vocally learned patterning
—Dbirds (§5.4.1) — also demonstrates extended bi-parental offspring-care and
male provisioning, a form of nurturing largely absent from mammals other

than humans (2012, p. 236; see also the discussion of monogamy on page 400).

enhancements include the presence of astrocytes, a type of glial (non-neuronal) cell that “play
a crucial role in plasticity associated with learning and memory, and perhaps also influence
aspects of human cognition.... [they are] the ‘yin’ to the neuronal ‘yang’...” (2017, p. 61).
The issue of plasticity is relevant when one considers that the brain of Homo sapiens is, on
average, actually slightly smaller than than of Homo neanderthalensis (Alan Harvey, personal
communication; see also (Kochiyama et al., 2018) ), so our superior plasticity may have been
a factor in compensating for raw size differences. Note, finally, that certain aspects of brain
plasticity appear to have an epigenetic (§1.8) as well as a genetic underpinning (Harvey, 2017,
pp. 67-74; Harvey, 2020, pp. 9-10; see also Schaefer et al., 2021).
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In this sense, (early) humans, unlike our closest primate relatives, appear very
similar to birds in terms of extended parental care in the context of colonial
monogamy “underwritten” by vocal learning (2012, p. 236). This “underwrit-
ing” works according to the principle of honest signalling outlined in point 5,
which marks out individuals as “precious repositories of experience” (2012,
p- 237).

This is not the entirety of Merker’s thesis, for it does not, as it stands, explain
how vocally learned song in our hominin ancestors evolved into fully com-
positional language in modern humans. This is the topic of the next section,
but I will end that section (page 147) with a summary of Merker’s account
of these remaining elements of the vocal learning constellation, thus picking
up where the list in this section left off and completing it in order to offer a

full account of Merker’s argument.

2.7.6 Holistic versus Compositional Sound-Streams

Mithen understands hominin musilanguage (§2.7.2) in a different sense to
Bickerton, the latter believing that what he terms (lexical) protolanguage
was made up of “words, with limited, if any, grammar” (Mithen, 2006, p. 3;
Bickerton, 2003). Mithen, by contrast, argues that: (i) the component gestures
of his Hmmmmm could not, contra Bickerton, be decomposed into individual
meaning-units (protowords), but were to be understood as constituting a
single unified, holistic message; (ii) it was designed to affect and mediate the
thoughts and behaviour of others, often to the advantage of the utterer; (iii)
it drew not only upon sonic elements, but also upon physical gestures and
movements, actions and facial expressions; (iv) it was what we today might
easily regard as a form of vocal music, in that it consisted of interconnected
melodic phrases that combined pitch, rhythm and, presumably, dynamics
and timbre; and (v) it was often imitative of the sounds of the world of
the utterer — those of the birds, animals and other natural phenomena that
constituted the environment of the hominin species that utilised it. Aligning
with point 9 of the list on page 139, Mithen argues that Hmmmmm was
employed (to list the hominin line in hypothesised order of appearance) by
Homo erectus/Homo ergaster, Homo heidelbergensis, Homo neanderthalensis and
early Homo sapiens (Mithen, 2006, p. 7, Fig. 1; see also Foley, 2012).
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If musilanguage constituted a form of holistic communication, then “modern’
languages — that is, the discrete-word-based, syntax-governed, semantically
precise form of communication that began to evolve in Homo sapiens after
c. 200,000 years ago — are, by contrast, “compositional”. Compositional
languages “can use different symbols to represent different attributes of
meaning and combine these symbols in a systematic way to form a mes-
sage such that the meaning of the whole message is formed from a simple
combination of the meaning of its parts” (Y. Ren et al., 2020, p. 12; see also
Kirby et al., 2015). They are thus made up of relatively discrete sonic units
that may be recombined (often recursively/hierarchically) according to the
principles of some grammatical system, in order to assemble a near-infinity
of potential utterances, thereby vastly exceeding the flexibility and commu-
nicative power of holistic forms of communication. While a sonic unit in a
compositional language may have a fairly stable semantic content, this may
change according to the grammatical function of the unit within the utter-
ance, as exemplified by Truss’s celebrated amphibology “eats[,] shoots and
leaves” (2003). That Homo neanderthalensis never learned to shoot, despite
eating shoots and leaves, might be a consequence of a lack of the expansion in
thought and invention — the Cognitive Revolution — fostered by, and fostering,
the evolution of compositional language in Homo sapiens.

Mithen argues that one of the principal factors that drove the evolution
from Hmmmmm to compositional language was segmentation — “the process
whereby humans began to break up holistic phrases into separate units,
each of which had its own referential meaning and [which] could then be
recombined with units from other utterances to create an infinite array of
new utterances” (2006, p. 253). It is important not to let the much later
appearance of written and printed language obscure the picture: while a
word might appear discrete and self-contained on the printed page — the
surrounding characters” worth of whitespace affording the necessary gestalt
grouping clue to demarcate its group of letters from other groups — in spoken
language a word is normally part of a continual, unbroken sound-stream,
and so its isolation into a linguistically significant unit relies upon a number
of segmentational factors.
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There are a number of interrelated processes by means of which segmentation
of musilanguage into discrete units could have occurred. Developing ideas
of Wray (1998) — who earlier and similarly argued for the existence of a
holistic and musical protolanguage (Fitch, 2010, pp. 496-498) — Mithen
argues that the first of these processes was the result of “the recognition of
chance associations between the phonetic segments of the holistic utterance
and the objects or events to which they related. Once recognized, these
associations might then have been used in a referential fashion to create new,
compositional phrases” (2006, p. 253). While certainly a credible hypothesis,
it appears to be predicated upon the existence of another, arguably prior,
process to enable it: the presence of some innate psychological tendency that
perceives (and imposes) segmentation boundaries at certain points of an
ostensibly holistic sound-stream, in order to create the “phonetic segments”
to which Mithen refers.

Generally considered under the rubric of gestalt psychology, it is well un-
derstood that certain phenomena in a sound-stream tend to impose a seg-
mentation boundary (Deutsch, 1999), breaking it up into discrete units. As
Narmour argues, “unlike the notoriously interpretive, holistically supersum-
mative, top-down Gestalt laws of ‘good” continuation, ‘good” figure, and
‘best’ organization ... the [bottom-up]| Gestalt laws of similarity, proxim-
ity, and common direction are measurable, formalizable, and thus open to
empirical testing” (1989, p. 47). Thus, where similarity becomes difference,
where proximity becomes distance, and where common direction becomes
a change in (pitch) direction, a segmentation boundary is likely to be per-
ceived. Moreover, this factor combines with the constraints of STM to impose
a limit on the size of the “chunks” that lie in between segmentation boundar-
ies (Snyder, 2000, pp. 53-56; Snyder, 2009, p. 108). In Miller’s well known
formulation, it is “seven, plus or minus two” units (1956; see also Simon,
1975); for Temperley, in music it is “roughly 8 notes” (2001, p. 69).

An additional, supporting, process at play in segmentation and meaning-
assignation is what might be termed coindexation-determined segmentation (Jan,
2011a, sec. 4.1.2, para. 57). A coindex is a copy of a replicator, the extent of the
similarity relationship between an antecedent coindex and a consequent coindex
verifying the status of the two patterns as members of the same replicator
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allele-class, as opposed to each being an entity sui generis. In coindexation-
determined segmentation, such “overlap” — arising when cross-mapping
two sound-streams, wherein one coindex is stored in memory and the other
is heard in real time — imposes a segmentation boundary at the start and end
(the initial and terminal nodes) of the shared segment, provided it is not
strongly contradicted by gestalt forces. This affords the common segment
greater perceptual-cognitive salience than it would otherwise have possessed.
In other words, as Calvin argues, “that which is copied may serve to define
the pattern” (1998, p. 21). In music, coindexation-determined segmentation
might be regarded as culturally (as opposed to genetically) mediated, and
an example of the operation of what Narmour terms “extraopus style” (1990,
pp- 35-38). As such, it is likely to be more malleable — and therefore more
evolutionarily variable (even dialect-mediating (Meyer, 1996, p. 23)) — than
genetically mediated (gestalt-psychological) segmentation.

Given the presence of gestalt grouping, STM-constrained “chunking”, and
coindexation-determined segmentation, Mithen’s “recognition of chance
associations between the phonetic segments of the holistic utterance and
the objects or events to which they related” is eminently feasible. Assuming
the alignment of these various processes, overlapping, gestalt-demarcated
segments would have acquired a distinct identity, and the association with
specific “objects or events” would have become ever more firmly established.
Such associations may initially have been “iconic” (segmented verbal chunks
acting mimetically as “signs that are motivated by similarity” to that with
which they come to be associated; and so not strictly “chance associations”);
but later they may have become “indexical” (chunks “motivated by contiguity
or co-occurrence” with that with which they come to be associated; thus
more properly “chance associations”) (Tolbert, 2001, p. 88; see also Cross &
Woodruff, 2009, p. 25). On the grounds, as Deacon argues, that “the criterial
attribute of human symbolic thought is arbitrary reference displaced from
its immediate context, and that displacement [point (ix) of the list on page
126; see also point 18 of the list on page 149] is a function of the hierarchical
structure of symbolic thought” (in Tolbert, 2001, p. 88), one might assume
the chronological priority of the iconic over the indexical.
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Any tendency to stream-segmentation in hominins must presumably have

relied upon genetic factors for its implementation, and so it is necessary
to appreciate that those factors that are present in modern humans may
not necessarily have been in place in earlier hominin species, such as Homo

erectus/Homo ergaster. In this case, these earlier hominins may not have pos-
sessed the capacity to hear a holistic utterance as anything other than an
undifferentiated sonic continuity. Implicated in the neurobiology of the per-
ception and production of speech in modern humans, the Forkhead box P2

(FOXP2) gene may have played a role in musilinguistic stream-segmentation
(Enard et al., 2002; S. B. Carroll, 2003). This gene is present in a number of
species, including our primate cousins, but “[i]n humans, there is evidence

for the positive selection of specific mutations in the FOXP2 gene .... [yet]

this same FOXP2 variant is also found in Neanderthals and in another re-
cently discovered archaic hominin, the Denisovan” (Harvey, 2017, p. 70).
The human(-Neanderthal-Denisovan) allele “fulfills the criteria for a genetic
difference that makes a difference in speech ...” (Fitch, 2010, p. 359; emphasis in
the original), and presumably conferred some aptive benefit that fostered its
replication and selection. Strictly, Fitch’s point relates to a further mutation
of this allele, one unique to our species, is believed to have occurred c. 0.060-
0.050 MYBP (Harvey, 2017, p. 70). This dating, and that of c. 0.440-0.270 for
the earlier allele-Denisovan, broadly aligns with the chronology of musilang-
uage bifurcation and with the flowering of the Cognitive Revolution outlined
here.

Mithen cautions that “FOXP2 is not the gene for grammar, let alone for
language. There must be a great many genes involved in providing the ca-
pacity for language, many of which are likely to play multiple roles in the
development of an individual” (2006, p. 250; emphasis in the original).??
Nevertheless, he hypothesises that “[p]erhaps the process of segmentation
was dependent upon this gene in some manner that has yet to be discovered”
(2006, p. 258); and he notes that studies suggest that those with a faulty
version of the gene (such as the “KE” family, which he offers as an example)

82 Indeed, FOXP2 codes for a “transcription factor” — a protein that regulates the expression
(the “switching on and off”) of other genes — that is important in the regulation of “the function-
ality of sensory and motor (sensorimotor) circuits between the cerebral cortex, cerebellum, and
basal ganglia” (Harvey, 2017, pp. 69-70). This suggests a possible implication in the mCBGT
(page 95) and thus a role in the vocal learning and rhythmic synchronization hypothesis (page
96).
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encounter “difficulties ... with the segmentation of what sound to them
like holistic utterances” (2006, p. 258). The FOXP2 gene could therefore be
hypothesised indirectly to underpin segmentation, in that it might subserve
certain gestalt grouping principles in perception, it might mediate the length-
constraints of STM, and it might support the recognition of similarity in
cross-sound-stream mapping. If so, then perhaps its appearance in Homo
sapiens — dated to c. 0.220 MYA, consistent with the appearance of anatomic-
ally modern humans (c. 0.200 MYA) (Fitch, 2010, p. 360) — facilitated the
process of moving from holistic musilanguage towards segmented music
and language, and thus helped to create the conditions necessary for the
Cognitive Revolution. This hypothesis is supported by the fact that, while
language and music are to some extent lateralised in the modern human brain
(§2.7.7), FOXP2 is nevertheless expressed bilaterally (Harvey, 2017, p. 70).

One might term the discrete units resulting from the segmentation of
musilanguage “protemes”, in order to signify that they were the cultural-
evolutionary precursors of both musemes (the sound patterns of music) and
lexemes (the sound patterns of language). It seems reasonable to suggest
that protemes, as self-contained units of information, were subject to the
VRS algorithm - this driving the evolution of musemes and lexemes from
them — and that, for a good deal of early hominin evolution, all three types
of replicator formed a fuzzily overlapping and co-existing group. It is likely
that the perceptual-cognitive salience of protemes-lexemes (perhaps in
conjunction with their nascent syntactic and semantic attributes) correlated,
and still correlates, with their replicative success. The perceptual-cognitive
salience of protemes-musemes would similarly have correlated with their
replicative-evolutionary fortunes (Jan, 2007). The most salient and striking
extant musical patterns — perhaps those with the most interesting melodic
contours or tonal structure — are normally those that are replicated most,
that go on to appear in numerous musical works, and that therefore play the
largest role in shaping the profile of a wider musical dialect. In this sense,
musemes’ perceptual-cognitive salience, however it is measured, is an index
of their likely statistical prevalence in a given museme-pool and, ultimately,
of their selfishness (Dawkins, 1989; Distin, 2005).
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While lexemes replicate under tighter syntactic and semantic constraints than
musemes (in the sense that their mutation rate is limited to a greater extent
by the imperatives of communication), it appears likely that, as segmented
sound-units, they warrant consideration in similar ways to musemes. As
with the origin, florescence and senescence of musical genres, styles, and
systems of tonal organisation (Jan, 2013, p. 152, Fig. 1; Jan, 2015b), the
notion of linguistic speciation — recognised by Franz Bopp before that in
nature (J. Miller & Van Loon, 2010, p. 100) and adopted by Darwin as a
means of illustrating biological speciation (Darwin, 2008, p. 311) (§3.6) —
might be understood as a system-level consequence of the operation of the
VRS algorithm upon the relevant unit of selection, the lexeme (§7.5). Indeed,
Dawkins gives a small but telling example of this in the mispronunciation of
the second line of the chorus of “Rule Britannia” as “Britannia, rule[s] the
waves”. This, he argues, is the result of the greater salience of the sibilant
ending of “rules” as against the original “rule”; and also the more grammat-
ically comprehensible indicative mood of the “rules” version, as against the
more nuanced imperative, or even subjunctive, implication of “rule” (1989,
p. 324).

How does communal, rhythmically coordinated vocalisation (§2.5.2) re-
late to the model of the evolution of language outlined here? Specifically,
what is the relationship between communal rhythmic vocalisation and the
hypothesised bifurcation of musilanguage into music and compositional
language? Comparing the vocalisations of gelada monkeys (Theropithecus
gelada) with human speech (particularly rapid, interactive conversational
speech), Richman notes that

[i]n both cases, friendly vocalizing is produced in units averaging a
total length of about nine or ten syllables, produced at a rate of about
five syllables per second, organized by differentiation of strong and
weak beats with about three or four strong beats per unit, and all under
an intonation contour (melodic contour) where the end of the unit is
signaled by tonal changes. Finally, both human conversational formulas
and gelada vocal units are produced with no hesitation phenomena and
no internal pauses as one continuous gushing-forth of a whole unit of
activity. (Richman, 2000, pp. 301-302)
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One must be careful in comparing these two kinds of vocalisation because
human conversation is clearly learned-propositional whereas gelada vocal-
isations, while broadly communicative, are innate-emotional. Moreover,
despite its rapidity, human conversation is segmented and composition-
ally re-combinatorial, whereas gelada vocalisations are presumably not. In
aligning the two we are comparing the hypothesised beginning of a process
(represented by pre-linguistic vocalisation in non-human primates) with
what is held to be a later, or even terminal, stage of the process (represented
by fully linguistic vocalisations in humans). Nevertheless, the similarities
and differences are instructive. Richman’s “units”, as a “continuous gushing-
forth”, appear to lack strong segmentation boundaries in both species. In
gelada vocalisations this is probably the case, but in humans there is the
added infrastructure of language — the semantic and syntactic dimensions
— that provides the necessary articulatory cues to parse the utterance into
discrete units. This permits the kind of coindexation-determined segmenta-
tion that imposes “virtual” segmentation boundaries — articulation points
of sense and structure — upon what is ostensibly an undifferentiated sound-
stream. Richman’s “units of activity” are in this sense broadly equivalent
to musilinguistic utterances, except that in geladas they are truly holistic,

whereas in human conversation they are merely “pseudo-holistic”.

To conclude this discussion, I complete the outline of Merker’s “vocal learning
constellation” (2012) begun in §2.7.5. The final stages consider how vocally
learned song evolved into modern language, and will be correlated with the

processes outlined in this section.

12. The evolution of holistic, vocally learned song-strings in Homo erectus/Homo
ergaster into fully compositional language in Homo sapiens relied upon cultural
evolution in the context of a “learner bottleneck”, whereby “a state of compet-
ition for access to the next generation [of utterers] exists among utterances”
(Merker, 2012, p. 238). Discussed more fully in §6.3, computer simulations of
this process have shown that it is possible to move a system, in an “iterated
learning model”, from “an initial state in which nonsense-strings are randomly
paired with meanings on an individual basis to a state of semantic and syn-
tactic organization exhibiting compositionality, lexical categories, constituent
order, frequency-dependent coexistence of regular and irregular forms, and

recursion, all shared by the population as a whole” (2012, p. 238).
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Iterated learning in the context of a learner bottleneck has the power to break
down a repertoire of communally shared musilinguistic song-strings into sub-
repertoires characterised by “assortative linkages” between strings and “dif-
ferent behavioural, motivational, and environmental contexts” (2012, p. 239).
This kind of “repertoire differentiation” has been observed in vocally learning
birds, in this case differentiating between courtship and (even specific types
of) rivalry, and is hypothesised to have also driven human language evolution
(2012, p. 239).

For such differentiation to have functioned optimally, the (arguably) initial
driver of vocalisation — sexual selection linked, like most mammals, to manifest
oestrus (ovulation; see note 67 on page 106) — needed to have been blunted in
order to admit of “causation” (i.e., epistemic domains) other than courtship
and male rivalry (2012, p. 239). This was accomplished by the evolution of
modern human sexual behaviour, which involves year-round fertility, concealed
ovulation — which fosters “a more extended period of exclusive copulation” —
and (usually) private mating (Fitch, 2010, pp. 246-247). The driver for these
changes may have been the “enticement” of females from dominant males by
food-bearing subordinate males (offering “non-monopolizable”, “high quality
nutrients”) discussed in §2.3.3 (Merker, 2012, p. 239). Initial opposition to this
provisioning (certainly its first, seductive, phases) from dominant males may
have led to the evolution of such “furtive pair associations”, which served as
a further driver of colonial monogamy and of reduced sexual rivalry (2012,
pp- 239-240).

Having freed learned vocalisation from time-specific reproductive imperatives,
it could fill the daily lives of early Homo and thus be subject to the kind of func-
tional and contextual differentiation discussed in point 13 (2012, p. 240). Much
of this differentiation could have been accomplished by a form of statistical
learning, whereby if a given context (for instance, a location or a behaviour) x
was associatively linked — for whatever reason — with both string y and string
z; and if there were more y strings in the association x—y than there were z
strings in the association x—z; then encountering context x would enhance the
replicative advantages of string y more than those of string z, thus favouring
the association x—y over the association x—z, and causing “the learner bottleneck
to perform assortative allocation of strings by context over the generations”
(2012, pp. 240-241).

A feature of the learner bottleneck is that the evolutionary imperative of parsi-

mony tends to eliminate redundancy. Assuming the string-segmentation into
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protemes discussed above, the “V” element of the VRS algorithm will “ensure
that some behavioural situations that share something in contextual terms
also happen to share some substrings.... No more than a capacity to seg-
ment strings and to generalize is required for this to occur” (2012, p. 241).
Yet “[c]ontinued long enough, its imperceptible multigeneration dynamic will
eventually yield single phrases [protemes] matched to single generalized con-
textual abstractions (in effect concepts) amounting to a tacit lexicon with rich,
implicit semantic content, along with the formal syntactic efficiency measures”

evident in the iterated learning models (point 12) (2012, p. 242).

Such ever more precise context—substring associations are not, at this stage,
used to communicate meaning. They are still driven by ritual-culture’s con-
formal motive towards copying-fidelity (point 3 on page 137), as an “all-round

certificate of competence” (point 5 on page 138) (2012, p. 242).

There is, however, a potential instrumental-cultural utility — a potential natural-
selection advantage — to breaking, in certain circumstances, the linkage between
a given string and its context. That is, Hockett’s (1960) language design feature
of displacement (point (ix) of the list on page 126), while it risks undermining
the “statistical association between song-strings and contexts that gives the
repertoire its entirely tacit conceptual content”, may have sufficient utility to
justify violating ritual-culture’s conformal motive for specific instrumental
purposes (2012, p. 242). In this way, strings are “situationally decoupled” and
“natural selection [and cultural selection] is given a foothold to work on the
conversion of the sexually selected song tradition to a form compatible with
its use for ... spoken language proper” (2012, p. 243). The action of natural
selection is this context might well also serve to augment learning and imitative

capacity, as an additional factor in memetic drive (§3.7.1).

Displacement has a safety net, in that “every false start and failed solution to
the decoupling problem” could fall back on the ritual tradition and the use of
learned song as a sexually selected “certificate of competence” (2012, p. 243).
Even if “corrupted” through over-use of instrumental decoupling, the “glacial”
learner bottleneck would reinstate ritualistic associations in the same way that
it initially formed them (2012, pp. 243-244).

As a further consolidation of instrumental decoupling, various communicative
enhancements would have been foregrounded, including markers to differenti-
ate “in-context” from “displaced” usage; “grammatical conventions related

to communicative intent”; pragmatic factors, including physical gestures; and
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a separate “mode of delivery”, leading to a differentiation between song and
speech along the music-language continuum (§2.7.3) (2012, pp. 244-245). This
process — the appearance of fully compositional language and, therefore, also
of separate vocal music — would not have been completed until after the ap-
pearance of anatomically modern humans (c. 0.200 MYBP), and perhaps even
later, with the arrival of cognitively modern humans (after c. 0.100 MYBP?)
(Table 2.1) (2012, p. 245).

The functional differentiation referred to in point 20, and thus the formation
of the music-language continuum itself, would have been underpinned by
structural changes in the hominin brain, which represent the key phenotypic
consequences of the various selection pressures described above. These
changes served to differentiate those neural substrates subserving musilang-
uage towards those more specialised to subserve musicality and those more
specialised to subserve language. These evolutionary changes, as with so
many others in our species’ phylogeny, are inscribed in the very structure of
the modern human brain. These specialisations — remnants of the ebb and
flow of the evolutionary tide — are considered in the next section.

2.7.7 Structural and Functional Lateralisation

Results from brain imaging studies may be interpreted as implying that
music and language are part of one large, vastly complicated, distributed
neurological system for processing sound in the largest-brained primate.
Both systems use intonation and rhythm to convey emotions, that is,
affective semantics .... Both rely on partly overlapping auditory and
parietal association cortices for reception and interpretation, and partly
overlapping motor and premotor cortices for production.... Music and
language can both be produced by mouths or by tools and each is pro-
cessed somewhat differently by men and women. Each activity engages
a frontal lobe-mediated ability to keep ideas in mind long enough to
bring them to fruition, and recruits additional areas of temporal and
parietal cortices for longer retention. Finally, humans are able both to
speak and to hear music in their heads. (Falk, 2000, pp. 212-213)

Studying the structure and function of the brain in terms of the systems
believed to be responsible for our musical and linguistic competences allows
us not only to gain an insight into the operation of two of our most distinctive
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attributes, but also to make and test hypotheses for their evolutionary origins
and the selection pressures that appear to have driven their appearance in
our species. A rapidly developing field of research, cognitive neuroscience
has two broad strategies for investigating music and language in the brain.
The first is to use the standard paradigms of experimental psychology in
order to test the nature of capacities in each domain — be they, as Falk (2000)
distinguishes, in perception or production — and how one affects the other.
That is, such experiments explore whether facility at a music-related task
correlates in some way with competence at a language-related task. These
often relate specifically to the phonological, syntactic or semantic dimensions
and their interactions, but there are also other cognitive skills that are invoked,
including memory. Positive correlations are often taken as evidence of some
functional, and possibly structural, overlap. Some such studies (such as
Thompson et al. (2012), discussed below) are undertaken with subjects who
have suffered a brain lesion or a developmental disorder. A specific area
of injury may be correlated with a deficiency in some musical or linguistic
feature, the area in question therefore being understood to perform that
function in a healthy individual. Other experimental paradigms involve the
exploration of phenotypic plasticity in musicians; that is, whether musical
training confers advantages upon an individual that might also accrue to

aspects of language perception and/or production.

The second investigative strategy is to combine such studies with real-time
brain scanning, in order to see which brain regions “light up” (are activ-
ated) when undertaking specific music- or language-related tasks, or tasks
that require cross-modal integration. The resolution of brain scanning has
improved significantly over recent decades owing to continual advances
in imaging technology. The latest PET (Positron Emission Tomography)
and fMRI (functional Magnetic Resonance Imaging) scanners permit visu-
alisation of brain activation in subjects performing musical and linguistic
activities with very fine resolution. As a consequence of this ever greater
discrimination, knowledge of the implementation of music and language
in the brain continues to be refined, and much older information is rapidly
superseded.
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As the foregoing indicates, an important topic in cognitive neuroscience is
the structural localisation of specific brain functions — where the “wiring”
for particular abilities is to be found. While the complexities of the brain will
probably remain elusive for decades, perhaps centuries, to come, significant
progress has been made over the last few decades in understanding the
localisation of musical and linguistic function in the brain, and the basic
picture, in the sense of the gross localisation of functions, has been broadly
clear for a number of years (Sacks, 2011; Koelsch, 2013; Schulkin, 2013). This
knowledge also aligns closely with the evolutionary account of musilanguage
bifurcation discussed above. To summarise (and inevitably to coarsen) a
complex picture, there is a degree of “hemispheric specialisation” in music
and language functions, but also a good deal of overlap. At its very crudest,
the right hemisphere of the cerebrum is orientated towards music-related
functions, and the left hemisphere is orientated towards language-related
functions (in right-handed individuals); but this first approximation is clearly
an oversimplification because the deep commonalities observed between
the two domains in §2.7.3 suggest a significant degree of functional and/or
structural overlap.

More precisely, regions in the right hemisphere appear to dominate the pro-
cessing and generation of contour, tonality and timbre of both melody and
speech (the prosodic dimension); whereas regions in the left hemisphere
appear to dominate the processing and generation of syntactic organisa-
tion and semantic content in language, together with rhythmic structure
in both music and language (Morley, 2012, p. 118). As a caveat, however,
Patel argues that hemispheric asymmetries are “more subtle than generally
appreciated” (2008, p. 75). He notes that whereas the left hemisphere is ac-
tivated when processing phonemes (which are temporally fine but spectrally
coarse) and the right hemisphere is activated when processing pitch (which
is temporally coarse but spectrally fine), this depends upon whether an input
is categorised via learning as specifically linguistic: an unfamiliar language
might be processed “musically” rather than “linguistically”, drawing upon
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the resources of the “wrong” hemisphere (2008, pp. 74-75).%® In Morley’s

summary,

structures in both hemispheres are involved in the production and pro-
cessing of both music and language; some of the fundamental elements
of music and language production and perception are shared ... and
some have subsequently become specialized. Musical functions are a
whole are less clearly lateralized than language function, but tasks relat-
ing to pitch and pitch discrimination do seem to be right-hemisphere
dominated. Linguistic functions seem to be most detrimentally affected
by left-hemisphere lesions; most musical functions seem to be impaired

in some respect by damage to either hemisphere. (Morley, 2012, p. 118)

To expand upon this, and on the basis of PET scans of subjects engaged
in sentence and (vocal) melody generation/completion tasks, Brown et al.
(2006) argue for the following three categories of music-language implement-
ation in the brain: (i) shared (and therefore co-localised) neural processing of
certain music and language features; (ii) parallel processing and partial over-
lap (and therefore some co-localisation) in brain systems for certain other
features of music and language; and (iii) distinct processing (and therefore
separation) in brain substrates for yet other music and language elements
(2006, p. 2798, Fig. 5). While bearing in mind, apropos categories (i) and
(ii), that “activation overlap [on an fMRI scan] does not necessarily imply
computational overlap or even the involvement of the same neural systems
at a finer-grained level of analysis” (Rogalsky et al., 2011, p. 3846), Table 2.2
summarises the hypothesised correlations between certain brain regions and
associated music- and language-related functions from Brown et al. (2006,
p- 2798, Fig. 5), adding additional information from Patel (2008, pp. 73—
76), Norman-Haignere et al. (2015), Besson et al. (2017, pp. 42-45), and
Bowden et al. (2020) (the last of these being the standard online resource
for brain anatomy and function, incorporating the NeuroNames system of
nomenclature) (the shaded cell is discussed further on page 281).%4

83 The extension of hemispheric localisation of certain functions to the notion of “left-brained”
(analytical/logical/verbal) and “right-brained” (creative/emotional/visual) character/personal-
ity types, according to which hemisphere is “dominant”, lacks empirical support (J. A. Nielsen
et al., 2013; see also Corballis, 2014).

84 Regions of the cerebral cortex are identified in Table 2.2 and elsewhere using the numbering
system devised by Brodmann (1909) at the turn of the twentieth century, which is still used in
modern cognitive neuroscience. This system partitions the cerebral cortex — the gross structure
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Brodmann Areas

Category LH: left hemisphere; RH: right Function Interface Areas
hemisphere; BL = bilateral
Acoustic input (LH:
BA 41,42 (BL; @MMH%MMB )
Input: primary auditory Input: percep .
Shared cortex) chunking; RH: pitch
) perception/
chunking).
Output: Mﬁﬂmﬁv@anmgwm_ Output: Motor output.
Sensory
BA 22 (LH = phonological Phonology/semantics interface area.
el Input: Wernicke’ N ) Input: generativity (LH: Also implicated in fine-grained timing of
Paralle erhicke’s area). language; RH: music and language sounds.
music).
Syntax/phonology interface area. Broca’s
Motor phonological ' area is also implicated in processing
Output: BA 44,45 (LH = Output: generativity (LH: phonological, lexical and semantic
Broca’s area). language; RH: information, suggesting that syntax and
music). semantics are co-processed in each
domain.
BA 20 (inferior temporal gyrus), Parts of the SUPEHIOT .ﬁmB@.oS_
. gyrus appear specialised in the
21 (middle temporal gyrus), 38 .
. LH for language processing; and
(superior temporal gyrus and the planum temporale (part of
Distinct middle temporal gyrus), 39 P P P Semantics/syntax interface area.

(angular gyrus), 40
(supramarginal gyrus), 47
(inferior frontal gyrus).

Wernicke’s area in the LH) and
the planum polare (located near the
auditory cortex) are BL
specialised for music processing.

Table 2.2: Brain Regions and Associated Music and Language Functions.
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Summarising the three categories of relationship, Brown et al. (2006) note
that

(i) ... Shared processing elicits overlapping activations between music
and language in primary auditory cortex (BA 41 [and 42]) and primary
motor cortex (BA 4). (ii) ... Phonological generativity is seen as the
major point of parallelism between music and speech. Regions of BA
22 and BA 44/45 are seen as sensory and motor centres, respectively,
for phonological generativity. These areas of parallelism may be local-
ized such that BA 22/44/45 of the left hemisphere is specialized for speech
phonology and the corresponding right hemispheric areas are specialized for
musical phonology. The processes for phonological generativity in BA
22 and BA 44/45 may interface differentially with other functions, with
BA 22 being a phonology/semantic interface area and BA 44/45 being a
phonology/syntax interface area. (iii) ... Domain-specific [i.e., distinct]
areas for music or language, with nonoverlapping activation profiles
for melody generation and sentence generation, are interposed between
BA 22 and BA 44/45 in a series of semantics/syntax interface areas dis-
tributed throughout the extrasylvian® temporal lobe (BA [20], 21, 38,

of which consists of two hemispheres, left and right, each with four lobes (frontal, parietal,
temporal and occipital) — into over fifty “Brodmann areas” (BAs) based on cytoarchitectural (cell-
/tissue-type) distinctions. While primarily a histological-structural scheme, BAs, individually or
in adjacent groupings, correspond with functional distinctions. Each BA in the left hemisphere
has a structural - but not necessarily functional — analogue in the right hemisphere. The associated
anatomical names for some important functional areas for music and language processing
include: BA 44 (pars opercularis) and 45 (pars triangularis) (together constituting Broca’s area, in
the left frontal lobe, involved in speech production); BA 22, 39 and 40 (Wernicke’s area, in the
left temporal lobe, involved in language comprehension); and BA 41 and 42 (primary auditory
cortex, in the temporal lobe, responsible for frequency representation) (Bowden et al., 2020;
Johns, 2014, p. 35, Fig. 3.12). The foregoing lateralisation relates to the c. 90% of humans who
are right handed — where the left hemisphere is dominant. Of the c. 10% who are left handed -
where the right hemisphere is dominant - ¢. 75% actually manifest “left hemisphere dominance
for language [i.e., Broca’s and Wernicke’s areas are located in the left hemisphere, not the
right], while the remainder process language function on the right side or bilaterally” (Harvey,
2017, p. 43; emphasis mine) (by contrast, c. 95% of right-handers manifest left-hemisphere
dominance for language (2017, p. 42)); the auditory cortex, by contrast, is structurally and
functionally bilateral. Note that there are complex and imperfect overlaps between intermediate-
level structural features such as the gyri (the flat areas of “high ground”) and sulci (the “valley
floor” of the folds) that constitute the cortex, Brodmann areas, and functional regions, which
often make localisation of music- and language-implicated regions difficult: Heschl’s gyrus, for
instance, is broadly, but not precisely, coterminous with BA 41 and 42 and with primary auditory
cortex. There is also complex multifunctionality in certain areas: Broca’s area, for instance,
is also involved in bimanual coordination (Harvey, 2017, p. 111), and aspects of visuospatial
cognition (Sluming et al., 2007).

8 This term refers to regions of the temporal lobe located away from the Sylvian (or lateral)
fissure, the large sulcus that separates the temporal lobe from the frontal and parietal lobes.
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39, 40) as well as the inferior frontal gyrus (BA 47). (Brown et al., 2006,
2798; my emphases)

To condense this summary even further, hearing and producing the sounds of
(vocal) music and language, perhaps unsurprisingly, share neural resources.
Generativity (i.e., “assembling” utterances prior to their vocal-motor produc-
tion) is conducted in parallel, with language occupying left-hemisphere and
music occupying analogous right-hemisphere regions. The left-hemisphere
BA 22 (part of Wernicke’s area) implements connections between phonology
and semantics,®® whereas the same hemisphere’s BA 44/45 (Broca's area)
implements connections between phonology and syntax. Crucially, this
functionality includes musical as well as linguistic syntax — understood as “the
rules that structure sequences of events that unfold in time” (Besson et al.,
2017, p. 42) — by means of connections between left-hemisphere language-
orientated BA 44/45 and their right-hemisphere music-orientated homo-
logues. This issue is revisited in §3.8.6, where a mechanism for the relation-
ships between linguistic and musical syntax is discussed. Outside Broca’s
area and Wernicke’s area, other regions mediate the semantics-syntax inter-
face separately for music and language.

Nevertheless, it is important not to regard such regions as Broca’s area and
Wernicke’s area as isolated “islands” of functionality: “the computations
necessary for language and music processing are not performed independ-
ently from other cognitive functions and ... language and music are not
modular and encapsulated systems” (Besson et al., 2017, p. 45). Indeed,
the “multi-dimensional hypothesis” of music and language asserts that both
domains “are processed in interaction with other cognitive, emotional, and
motor functions” (Besson etal., 2017, p. 40). These include various “executive
functions” associated, among other things, with working memory (Besson
et al., 2017, p. 39), itself a component of consciousness, which are partly
localised in the frontal lobes. More broadly, there is growing evidence that,
as a complex dynamic system (Nolte, 2014, Ch. 7), the brain recruits structures

The “perisylvian” region, which surrounds the Sylvian fissure, encompasses Broca’s area and
Wernicke’s area (Bowden et al., 2020; Johns, 2014, p. 28, Fig. 3.1).

86 Wernicke’s area is close to the visual cortex, and is also implicated in recognition of the
graphical representation of language (writing) and, by inference, music (notation) (Johns, 2014,
p-36). Broca’s area and Wernicke’s area are connected by a bundle of white-matter (sub-cortical)
nerve-fibres termed the arcuate fasciculus (Johns, 2014, p. 35, Fig. 3.12).
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flexibly in order to implement functions that depend on connections with,
and activation states of, other structures (Besson et al., 2017, p. 45).

Moreover, while there is growing understanding of the structure and function
of the brain’s systems for music and language, it is important to consider, in
addition to these genetically driven design features, those that arise as a result
of phenotypic plasticity (note 81 on page 138). This includes those changes
to the “default” brain morphology that arise as a result of sustained musical
training, and that help to confirm other types of data on brain structure and
function. To give a brief indication of one such ontogenetic change, it is
known that “enhanced phonetic discrimination [of speech and non-speech
sounds] in musicians [is] correlated with enhanced cortical surface area of
the left P[lanum |T[emporale] ... and with increased structural connectivity
between the right and left PT ..., providing evidence that long-term intensive
musical training is associated with anatomical and functional changes in
speech-specific brain regions such as the PT” (Besson et al., 2017, pp. 42-43).
That such changes have been observed in monozygotic — genetically identical
— twins, where one is musically active and the other is not, indicates that “a
significant portion of the differences in brain anatomy between experts and
nonexperts depend[s] on causal effects of training” (Manzano & Ullén, 2018,
p- 387).

To the centres responsible for the melodic/prosodic dimensions of music
and language, one must add those responsible for their rhythmic dimension.
Brain centres subserving rhythmic aspects of music and language are separ-
ate from those subserving their melodic, syntactic or semantic dimensions.
As discussed in §2.5.2, the neural substrates supporting rhythmic entrain-
ment and synchrony are located in various brain regions, but are connected
via the motor cortico-basal-ganglia-thalamo-cortical (mCBGT) circuit. That
humans can produce melodic and prosodic vocal utterances that are also
rhythmically regular suggests the presence of connections between those
brain regions discussed by Brown et al. (2006) for melody and speech pro-
duction and those forming the mCBGT circuit discussed by Merchant et al.
(2018). Indeed, this is the assertion of Patel’s vocal learning and rhythmic
synchronization hypothesis (2008), which, as noted on page 96, implicates
the basal ganglia in “binding” — like Ixion to the fiery wheel — the inherently
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limber melodic and prosodic aspects of music and language to the regular
“rotation” of the internal tactus and its physical manifestation via gestures
controlled by the motor system. This binding leads to “similar activations
of frontal and temporal regions of both hemispheres when processing the
temporal structure of sentences and melodies, thereby arguing against a
simple dichotomy between the left hemisphere for language and the right
hemisphere for music and providing support for shared neural resources
between music and speech” (Besson et al., 2017, p. 43).

The foregoing discussion is necessary in order to arrive at the central point
of this section: how brain specialisms for music and language were shaped
by evolution. As the quotation at the end of the previous paragraph implies,
it is likely that the neural substrates for musilanguage were, as an essentially
melodic-rhythmic phenomenon, initially bi-lateral; and as segmentation and
compositionality evolved, the substrates responsible for language-primary
elements (syntax and semantics) were increasingly focused and developed
in the left hemisphere. As Marin and Perry (1999) argue, “[t]he close cor-
respondence between the networks of regions involved in singing and [lin-
guistic] speaking suggests that [linguistic] speech may have evolved from an
already-complex system for the voluntary control of [musilinguistic] vocaliz-
ation. Their divergences suggest that the later evolving aspects of these two
uniquely human abilities are essentially hemispheric specialisations” (in Mor-
ley, 2012, 119; insertions are Morley’s and mine) 87 Their assertion accords
with Thompson et al. (2012), who determined that those with congenital
amusia — a deficit in processing music — were unable to process emotion in
language prosody, this finding further supporting the hypothesis of shared
neural mechanisms and a common evolutionary history connecting the two

domains back to musilanguage.

Hemispheric specialisation is conceived by Harvey in terms of the funda-
mental evolutionary principle of parsimony. He argues that

during the emergence of our two communication systems, language and
music, with subtly different processing requirements it became necessary

to separate out some distinct circuitries for each mode of communica-

87 While such differentiation appears to have characterised human phylogeny, the ontogenetic
development of linguistic and musical competences in individuals might not necessarily rely
(wholly) upon domain-specific processes (Patel, 2008, p. 77).
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tion. Because the overall cellular and connectional organization of the
two cerebral hemispheres is relatively similar, perhaps some left-right
parcellation of function was the simplest and most conservative option
in evolutionary terms.... links between [a predominant right-] handed-
ness, tool use, gesture, and emergent language may have contributed
to a left-sided bias for articulate speech, while the right ... may have
been more suited to specializations associated with the development of

interactive musical capability. (Harvey, 2017, p. 121)

If correct, this is another example of the VRS algorithm’s arriving at an
aptation by the most efficient and economical means, which, in this case,
involved reorientation of a single-function/distributed system in order to
perform two related functions via a degree of hemispheric differentiation/
specialisation. The alternative strategy — starting from scratch and rebuilding
separate systems for music and language — would have been prohibitively
costly in terms of time and resources, and would have contradicted the
gradualism and parsimony inherent in cumulative selection. The evolution of
music and language is therefore perhaps the classic example of how evolution
does not go back to the drawing board, but rather makes do with what
resources it has at hand.

With the proviso that this differentiation was a slow and gradual process
in which the distinctions between musilanguage, music and language were
fluid, these specialisations appear to have: (i) focused the primary con-
trol for emerging musilinguistic/linguistic syntax and semantics in the left
hemisphere, in Broca’s area and Wernicke’s area, respectively; (ii) retained
the deployment of these left-hemisphere areas for their already established
musilinguistic/music-related functions, namely the phonology, syntax and
affective semantics of musilanguage/music, the first of these being recruited
to serve an additional musilinguistic/linguistic function; and (iii) retained
right-hemisphere control over the prosodic dimensions of musilanguage/

language, and over melodic contour in musilanguage/music.
Summarising some of these changes, Levitin argues that

[c]rucial evolutionary changes that enabled the evolution of the musical
brain in humans surely included those in the orbital and ventrolateral

prefrontal cortex, [Brodmann] areas 47/12 [orbital gyri], 46 [middle
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frontal gyrus], 45, and 44 [Broca’s area in the left hemisphere] ..., and
possibly area 10 [transverse frontopolar gyri and orbital gyri]. These
regions are known to be involved in the representation of ideas and the
maintenance of them in working memory .... Area 6 [precentral region],
just behind 44, is part of the premotor cortex, and is involved in moving
the lips, jaw, and tongue.... During 20 million years of evolution, it is not
too difficult to imagine a new function evolving right here where these
regions meet, gradually enabling the brain to report what it is holding
in consciousness — to start talking or singing about what it is thinking
about. (Levitin, 2009, pp. 291-292)

The functional-structural correlates of the bifurcation of musilanguage, with
all their implications for music, language and consciousness, represent the
most recent stage of a long evolutionary process. Having said on page 157
that “[b]rain centres subserving rhythmic aspects of music and language
are separate from those subserving their melodic, syntactic or semantic
dimensions”, it is important to add that the former are evolutionarily older,
being located in brain regions (particularly the basal ganglia) that were laid
down earlier in our phylogenetic history. This is perhaps unsurprising given
our timeline: our mammalian ancestors moved but could not rhythmically
entrain, and had a repertoire of primitive calls; our hominin antecedents
were perhaps capable of some degree of entrainment, and developed a richer
repertoire of musilinguistic vocalisations; and cognitively modern humans
demonstrate both entrainment and complex learned vocalisations. Every
stage of this millennia-long process involved building upon extant brain
structures, which, in the case of humans, included quite literally forming

evolutionarily later structures on top of earlier ones.

Moreover — and this is perhaps the clincher in discussions of the evolutionary
origins of music and language — the evidence discussed here suggests that
brain structures primarily subserving music (strictly, those that might have
subserved the prosodic dimensions of musilanguage and the capacity for
rhythmic entrainment to a tactus) are, as has been implied here, phylogenetic-
ally older than those subserving language (see also point 8 of the list on page
138). This notion is supported by Podlipniak (2017b, 2020), who argues for
the importance of tonal qualia — the emotional efferents of expectations bound
up with statistically learned and motor-associated pitch hierarchies (see also
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§3.5.2 and §7.2.1) — in understanding human evolution. Presupposing the
existence of pitch-centre recognition (Podlipniak, 2016), tonal qualia have
their roots early in the hominin line, perhaps appearing after the origin of the
fine vocal control of the larynx required to produce pitch, which may have
occurred after c¢. 0.6 MYA (2017b, p. 40) (and which may thus have arisen in
Homo erectus /Homo ergaster and/or Homo heidelbergensis). The evolutionary
antiquity of fine vocal control, and the fact that tonal qualia, and the pitch
centricity and pitch hierarchy upon which they depend, are “unique, music-
specific phenomena in the same way as the sensations of phonemes or words
are unique and specific to speech” (Podlipniak, 2017b, p. 36), add further
support to the argument that an ancestral melodic/prosodic musilanguage
later bifurcated into music and language. Hemispheric lateralisation resulted
from nascent language’s motivation and recruitment of new left-hemisphere
regions for its own partially independent syntax and semantics, this in order
to compensate for language’s attenuation of the predominantly pitch-based
syntactic and semantic dimensions of musilanguage.

Podlipniak’s thesis elegantly integrates tonal qualia with two other aptive
factors in the evolution of music considered in §2.5 and §2.7.5, namely group
synchronisation and vocal learning. In the former factor, the predominantly
tactus-based /rhythmic nature of entrainment is linked to the melodic di-
mension by means of coupling with communally shared, pitch-structural
hierarchies (and the tonal qualia they motivate) abstracted from shared song-
melodies. The linkage gives rise to “brain-state alignment” between hominin
conspecifics and a resulting “social consolidation” via rhythmic-melodic
interaction (Podlipniak, 2017b, p. 39). This mechanism is broadly conson-
ant with Patel’s vocal learning and rhythmic synchronization hypothesis,
discussed on page 157 in terms of the basal-ganglia-mediated, “Ixion-like”
binding of rhythm and melody. Indeed, by analogy — and perhaps partially
overlapping — with the mCBGT circuit hypothesised to underpin temporal
anticipation and Patel’s “online integration of the auditory and motor system”
(2008, p. 410; §2.5.2), Podlipniak (2017b, p. 38) invokes “cortico-subcortical
loops” as the basis for tonal qualia and for the hierarchic pitch structures
that underpin them. In the latter aptive factor, “[b]ecause vocal learning is
in fact a kind of learning by imitation that necessitates the motor control of

the larynx, pitch class comprehension must be somehow related to motor



162 Music in Evolution and Evolution in Music

schemata which mentally represent the production of pitches by the vocal
apparatus. Therefore, [brain-state alignment] can be understood [after Cox’s
(2011) ‘mimetic hypothesis’] in terms of ‘mimetic engagement’ ...”. This
suggests that “vocal communication at least partly involves ‘mimetic cogni-
tion’, which is strictly related to imitation, not only as a method of learning,
but also as a means of comprehending meaning” (2017b, pp. 39-40).

The argument of the evolutionary priority of music over language also fol-
lows logically from the foregoing discussion of specialisation, because if
one accepts that hemispheric localisation of music and language was built
upon extant, bilateral brain systems for musilanguage; and if musilanguage
is understood as, at its origin, a form of song that (having arisen as a result
of one or more of the reasons advanced in §2.5) only later acquired refer-
ential function; then it follows that the kind of vocalisations that we might
now retrospectively regard as musical came before those we might regard as
linguistic in our evolutionary and neurobiological history. This hypothesis is
additionally evidenced, albeit circumstantially, by the fact that musicality —
including memory for song-melody and its associated text — often persists in
individuals with dementia long after language (in a form not associated with
melody) is lost (Bannan & Montgomery-Smith, 2008). Owing to music’s
deep structural-evolutionary enmeshing in the brain, when the syntax and
semantics of language are parasitic on musical melody, they are preserved,
ghost-like in dementia patients. In this state they are essentially function-
less simulacra, merely sustained by melody; when they have to function

independently of music, as free-standing competences, they sadly falter.

From the perspective of the effect of nature on culture, the implications of
these brain-structural changes on protemes would have been considerable.
In particular, the tendencies towards segmentation and compositionality
discussed in §2.7.6 would have been enhanced by the “binding” discussed on
page 157 of melody/prosody to a tactus. While Stravinsky complained about
the “tyranny of the barline” (Levitz, 2004, p. 81), the yoking of protemes
to regular systems of metre and accentuation may have augmented their
perceptual-cognitive salience and thus fostered their cultural transmission.
This might have resulted, in part, from the tendency of a regular metre to

foster anticipation (particularly the imagining of notes expected to occur on
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the next strong beat), which serves to heighten the attention of listeners and
thus to augment the salience of associated protemes. From the perspective of
the effect of culture on nature, it is not difficult to see increasingly segmented
musilanguage, with its growing referentiality, driving the development of
syntax-regulating centres in the left hemisphere (i.e., Broca’s area), in order
to prevent a profusion of incoherent meanings associated with unconstrained
morpheme combination. This augmentation of cerebral substrates for syntax
might have occurred via the process of memetic drive (§3.7.1), with protemes
directing the evolution of genes in ways that primarily serve the former’s
replicative interests.

2.8 Summary of Chapter 2

Chapter 2 has argued that:

1. While the question of what constitutes music remains open, it seems likely that
the range of competences that comprise musicality are, or were, individually
or collectively, adaptive or exaptive. Thus, an evolutionary explanation for
music and musicality appears more rational than one that sees them as merely

side-effects of other, more fundamental, imperatives.

2. The journey from our earliest common ancestor with chimpanzees to mod-
ern humans is, while not long in evolutionary terms, certainly convoluted,
with many environmental and social pressures acting upon those aspects of
our physiology and psychology that are implicated in musicality. In short,
we became savannah-dwelling hunter-gatherers whose social cohesion (and
individual survival) appears to have been dependent, in part, upon the com-

municative vocalisations underpinning both music and language.

3. There are three principal candidates for the aptive benefits of musicality, namely
fostering group cohesion through coordinated rhythmic movement and vo-
calisation, sexual selection, and infant-caregiver bond-formation. It is entirely
possible that these are non-mutually-exclusive, indeed that they are mutually
reinforcing. What is perhaps less clear is the sequence in which these uses

evolved.®

88 Much less tangible than these three candidates, and excluded from consideration here
for this reason, is perhaps a fourth: the capacity of the propositional language, and perhaps
consciousness, arising from musilanguage to structure our ancestors’ conception of past and
future time and of their own mortality. Likely then as now, the “modern human mind” served
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4. Music and language are seemingly two sides of the same evolutionary coin,
bifurcating from a common musilinguistic ancestor after c. 0.200 MYA. The
evolution of segmentation gave musilanguage the potential to develop a com-
positional syntax that is also evident, albeit without the rich semantic content

of post-bifurcation language, in post-bifurcation music.

5. The localisation of substrates for music and language in the brain aids in the
reconstruction of their evolutionary history. This suggests a common neural
basis for musilanguage, with increasing lateralisation — left hemisphere for
language, right hemisphere for music — as the two forms became differentiated.
Such re-purposing makes perfect sense from the standpoint of evolutionary
parsimony. The likely sharing of left-hemisphere centres for both music and
language syntax and semantics might be understood not only to caution against
an excessively lateralised view of the two domains, but also to imply the parasit-
ism of these dimensions of post-bifurcation language upon their musilinguistic
antecedents.

On the basis of the principles discussed in §1.5, Chapter 3 will attempt to
extend the scope of the discussion to encompass cultural replicators, now
generally referred to as “memes”. It argues that attempting to understand
human musicality and music in purely biological /natural terms is inadequate,
and that the cultural/nurtural perspective afforded by theories of cultural
replication is essential for a complete picture. It will: argue why cultural
replicators are necessary for the understanding of music and musicality;
survey pre- and proto-memetic theories of cultural change; explore some key
themes in memetics; consider some central issues in music from a memetic
perspective; expand the consideration of biological taxonomies in Chapter
1 to encompass cultural categorisation; explore the issue of dual-replicator
coevolution insofar as it affects musicality and music; and examine further

the (co)evolution of music and language.

as a fortress to counter fatalism with optimism; and music was used as a balm to attenuate the
fear of oblivion (Harvey, 2017, pp. 75, 162-163).



3. Music-Cultural Evolution
in the Light of Memetics

‘But it isn’t Easy’ [to make up a Pooh song about Owl’s old house],
said Pooh to himself, as he looked at what had once been Owl’s House.
‘Because Poetry and Hums aren’t things which you get, they’re things
which get you. And all you can do is to go where they can find you'.
— Winnie the Pooh. (Milne & Shepard, 2016, p. 146; emphasis in the

original)

3.1 Introduction: Cultural Replicators, Vehicles and

Hierarchies

One of the most difficult conceptual leaps to be made when understanding
music in an evolutionary context is to move from considering — as Chapter 1
and Chapter 2 have done — the evolution of humans as musical creatures and
the associated role of music in our individual development and daily lives,
to considering the evolution of music itself. As will be argued in Chapter 4,
the concept of evolution has played a largely metaphorical role in scholarly
discourses on music, but my aim in this chapter is to take music’s relationship
with evolution literally. That is, I consider here the evolution of music itself
from a systemic standpoint, arguing that its changes over time are driven
by the same evolutionary forces, those of the VRS algorithm, that have
driven evolution in the natural world (Jan, 2007). In this sense, I am again
adopting a Universal Darwinian standpoint (§1.5.1), arguing that there
is no meaningful distinction, on an algorithmic level, between biological
evolution — as manifested, for instance, in the difference between a Flutist
wren (Microcerculus ustulatus) and a Superb lyrebird (Menura novaehollandiae)
—and cultural evolution — as manifested, for instance, in the difference between

the style of Mozart and that of Beethoven (no avian analogy intended).

© 2022 Steven Jan, CC BY-NC-ND 4.0 https://doi.org/10.11647/OBP.0301.03
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As the leading candidate theory of cultural evolution, the main focus of this
chapter will be upon memetics (see Blackmore, 1999 for an overview and
Dennett, 2017, Ch. 11 for rebuttals of criticisms). While the adherents of
various theories of cultural evolution assert that there is clear blue water
between them, for such a theory to be truly Darwinian — as memetics most
certainly is — it would have to cleave to the notion that cultures evolve because
they implement the VRS algorithm; that is, they change as a consequence
of the variation, replication and selection of particulate chunks of cultural
information. To this principle, memetics adds the epidemiological notion of
cultural information moving through communities like a bacterium or virus

(§3.4.1). Harari, for instance, argues that

[e]ver more scholars see cultures as a kind of mental infection or parasite,
with humans as its unwitting host.... [Analogously to organic parasites, |
cultural ideas live inside the minds of humans. They multiply and
spread from one host to another, occasionally weakening the hosts and
sometimes even killing them.... [CJultures are mental parasites that
emerge accidentally, and thereafter take advantage of all people infected
by them. (Harari, 2014, p. 242)

When engaging with memetics it is important not to accept the potential
limitation of its scope that has arisen in recent years. As Figure 3.1a indicates,
in contemporary popular and internet culture a meme has been reduced to
the status of a comic image with a large-font caption, one usually mocking
the hapless target of the latest online faux-outrage (Shifman, 2013). As Figure
3.1b indicates, even so-called “music” memes bear little relationship to the
replicated sound patterns that are discussed in this chapter. While such
images certainly testify to the infective power of memes — this considerably
augmented in the digital world (§7.6.1) — to regard them as the only entities
that exemplify the cultural replicator would significantly limit the scope and
subtlety of Dawkins’ (1989) original concept, which covers phenomena of
great diversity. In music, a meme can encompass any replicable entity, from
a short three-note pattern, to a structural archetype hidden from immediate
perception but engendered by more tractable lower-level patterns, to an
abstract idea for manipulating a particular class of musical patterns (what
might be termed a “musico-operational/procedural meme” (Jan, 2011b,
Pp. 242-243)).
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COME on. IT'S NOT ROCKET SCIENCE!
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[TIE ON. IT'S NOT MUSIC THEORY!

(b) “Music” Meme.

Figure 3.1: Internet Memes.
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This chapter continues by addressing the question of why cultural replicators
are required in the first place (§3.2), arguing that biological replicators alone
are insufficient to explain the origin and complexity of human musics. It
then looks at certain precursor theories to memetics, in order to identify
common threads in cultural-evolution models (§3.3). Thereafter, it turns to
memetics itself, exploring certain key themes pertinent to the understanding
of music and musicality as well as to other cultural forms (§3.4). The next
section looks at certain specifically musical issues from the perspective of
memetics (§3.5). The following section returns to the issue of taxonomy
covered in §1.7, attempting to extend certain principles of cladistic taxonomy
to music-cultural evolution (§3.6). Having covered music-memetic evolu-
tion, the issue of dual-replicator coevolution is addressed next, in order to
explore how genes and memes affect each others” evolutionary opportun-
ities (§3.7). Lastly, the chapter returns to the issue of music and language
(co)evolution, exploring how semantics and syntax might have arisen from
memetic processes and how the mechanisms of how these dimensions of

music and language might be implemented in the brain (§3.8).

3.2 Why the Need for Cultural Replicators?

One can answer the question at the head of this section by referring back to
the quotation by Harari on bee societies (page 3). In bee and many other
insect species, most behaviours are genetically, not culturally, transmitted. In
extreme cases, if an interconnected sequence of behaviours is interrupted, the
animal will repeat the sequence of actions from the start, mechanistically. Asa
famous example, certain wasps of the genus Sphex deposit their prey (usually
a paralysed insect) at the entrance of their nest and then enter the nest in
order to check it. If the prey is moved away (by a human experimenter), the
wasp will move the prey back to the nest entrance, but will also repeat the
nest-inspection behaviour, a pattern that seems to be replicable ad infinitum.
Indeed, the creature is truly enslaved by its genes — more specifically, by
the patterns of behaviour-generating neuronal firing those genes motivate —
to the extent that it is difficult to speak of it possessing any free will. This
condition is aptly termed, after these gene-shackled wasps, “sphexishness”
by Hofstadter (1985, p. 529).
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Creature Attributes
Darwini Those subject to the operation of the VRS algorithm, operat-
arwinian ing (only) upon genes (Dennett, 1995, 374; Fig. 13.1).
Those endowed with “conditionable (phenotypic) plasti-
Ski . city”, such that operant conditioning (or instrumental con-
fltnne,zllan (B ditioning) — a form of the VRS algorithm that acts upon
;a Sgnlnsf)s oL genetically controlled behaviours — reinforces (i.e., favours

for future deployment) actions that, on testing, result in
benefits to the organism (1995, 374-375; Fig. 13.2).%°

Popperian (after
ideas of Karl

Popper)

Those possessing an evolutionarily designed internal (vir-
tual) selective environment able to preview and mentally
pre-test candidate actions in order to determine, without
risk, which would be most advantageous to deploy in spe-
cific real-world situations (1995, 375-377; Fig. 13.3).

Gregorian (after

Those whose internal selective environment is able to

ideas of the draw upon culturally transmitted information, such as tool
psychologist design/use and language (itself a higher-order, cognitive
Richard tool), in previewing and mentally pre-testing candidate ac-
Gregory) tions. (1995, 377-378; Fig. 13.4).

169

Table 3.1: Dennett’s Four Types of Creature.

To speak of free will is to presume, if not a consciousness capable of self-
reflection (§7.3), then at least a capacity for weighing up options and deciding
upon alternative courses of action. While such decision-making can also
be genetically determined — by means of hard-wired option-choice circuits
—much of it in humans is driven by learning (nurture) rather than instinct
(nature). Thatis, decisions are based on ideas of utility and correctness which,
while they generally correlate with the genetic “good”, are ultimately cultural,
not biological. As summarised in Table 3.1, Dennett (1995) expands upon
this notion, identifying four categories of “creature” that occupy concentric
circles of increasingly smaller magnitude (see also Dennett, 2017, pp. 98-99).
These represent a progression from the application of the VRS algorithm in
the domain of nature towards its application in that of culture.

89 In addition to the (Darwinian) operant conditioning theorised by (Skinner, 1953), there
exists (non-Darwinian) classical (Pavlovian) conditioning, where a neutral stimulus elicits
expectation of a reward, the former having previously been associated with the latter.

% Only this category of creature would appear fully able to deploy the intentional stance
described in the quotation on page 64.
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These creatures broadly correspond with, and are indeed products of, what
Plotkin and Odling-Smee (1981) term the “four levels of evolution”, charac-
terised by different modes of “information gain and storage” (1981, p. 229).
These are: (i) the level of the gene, where “the site of [information] storage is
a population’s gene pool”, changes in gene frequencies being a function of in-
teractions between phenotypes and environments (giving rise to Darwinian
creatures) (1981, pp. 228-229); (ii) the level of “variable epigenesis”,’! where
phenotypes are modifiable during epigenesis by environmental factors, lead-
ing to polymorphism, i.e., alternative-track phenotypes driven by specific
alleles (giving rise to Skinnerian creatures) (1981, p. 229); (iii) the level of
the “learning phenotype”, where an individual is capable of transcending its
inherited genetic information — and thus of solving the “uncertain futures”
problem (Plotkin & Odling-Smee, 1981, p. 230; Plotkin, 1995, p. 144) — by
acquiring additional, non-genetic, information via learning over the course
of its lifespan, but where this information is confined to that individual
(giving rise to Popperian creatures) (1981, pp. 229-230); and (iv) the level
of “sociocultural” evolution, where non-genetic information acquired by an
individual via learning can additionally be (memetically) transmitted to
others (giving rise to Gregorian creatures) (1981, pp. 230-231).2
Gregorian creatures ostensibly have the greatest survival advantage, for not
only do they have millennia of evolutionarily wired survival knowledge
from their Darwinian, Skinnerian and Popperian heritage — Dennett’s “Smart
Moves” (1995, p. 374) — they can also draw upon various culturally trans-
mitted tools for survival and problem-solving. In this sense a coevolutionary
perspective (§3.7) is needed to understand them — to understand us, given
that we are the prime exemplar of this creature on earth — one that attempts to
reconcile gene with meme and nature with nurture, or at least to hypothesise
which might have the upper hand in any particular context. As summarised
in Table 3.2, the interactions between these two domains have been modelled
by four main theories, broadly in terms of dominance hierarchies.

1 Not to be confused with epigenetics (§1.8, §3.4.3 and §4.4.1.1), epigenesis is the “[o]rigin
during ontogeny of structures from undifferentiated material” (E. Mayr, 1982, p. 958).

92 Plotkin (1995) conflates levels (i) and (ii) into the “primary” — “genetic-developmental” —
heuristic (1995, p. 138). Level (iii) is termed the “secondary heuristic” (1995, p. 149), and level
(iv) the “tertiary heuristic” (1995, p. 206).
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Discipline Privileged Precepts
Dimension

Sociobiology Culture is on the “leash” of the genes
(E.O. Wilson, nature/gene and serves adaptation; gene-based nat-
2000) ural selection is all-powerful.
Evolutionary Culture is determined and constrained
Psychology nature/gene by genetically evolved psychological
(Pinker, 1997) predispositions.
Gene-Culture
Coevolution- nature/gene
arv Theor and culture Human behaviour is the result of
(GyCC) (BZ q (re-produced  subtle interactions between genes and
& Richers 01}17 cultural inherited cultural information.

! information)
1985)
Memetics Culture is transmitted by memes that
(Blackmore, culture/meme  are partially independent of genes and
1999) sometimes in control of them.

Table 3.2: Four Perspectives on Nature and Culture.

Moving down Table 3.2, the four theories shift from a gene-centred to a
meme-centred orientation. The extremes are demarcated by Wilson’s famous
dictum that “[t]he genes hold culture on a leash. The leash is very long,
but inevitably [cultural] values will be constrained in accordance with their
effects on the human gene pool” (1978, p. 167), and Blackmore’s theory of
memetic drive (1999), whereby meme replication is hypothesised to have
shaped human genetic-cognitive development in the direction of ever greater
imitative and culture-fostering ways (§3.7.1). The via media is perhaps best
represented by (Richerson & Boyd, 2005, pp. 237-238), who, paraphrasing
Dobzhansky (1973), assert that “nothing about culture makes sense except

in the light of [biological and cultural] evolution”.

As will be explored more fully in Chapter 4, the existence of cultural replicat-
ors is alluded to in the musicological literature, although rarely in explicitly
evolutionary terms. One manifestation of this awareness is the idea of the
composer ab/extracting a lexicon of patterns by exposure to the music of
his/her culture and assortatively recombining elements of this lexicon in
order to create “new” music (Ratner, 1970). A flavour of this tendency is
given by Mattheson in his Der vollkommene Cappelmeister of 1739 (Mattheson
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& Harriss, 1981), when he asserts that “[t|he composer, through much exper-
ience and attentive listening to good work, must have assembled something
now and then on modulations, little turns, clever events, pleasant passages
and transitions, which, though they are only isolated items, nevertheless
could produce usual and whole things through appropriate combination”
(1981, p. 283, para. 15; see also Ledbetter, 2013).

While it is necessary to be sensitive to the cultural situatedness of this view —
the eighteenth century is a time when discussion of assortative recombination
as a compositional principle reaches its zenith - it is arguably broadly applic-
able to most if not all human musics. This is on account of the fact, discussed
in §2.7.6, human, that gestalt segmentation forces in conjunction with the
limitations of STM will — from both a poietic and an esthesic standpoint, as
Nattiez (1990) would frame it — impose strong (evolutionary-psychological)
pressures in favour of music’s existing as discrete particles. The latter attrib-
ute, together with the tendency of the VRS algorithm to “feed upon” such
particles, mean that a purely sphexish explanation is both inadequate and

unnecessary to explain the richness and diversity of human musics.

3.3 Pre- and Proto-Memetic Theories of Cultural

Evolution

Given that the evolution of music — as distinct from the evolution of musicality
- relies upon our status as Gregorian creatures, it is useful briefly to review
the history of the concept of the cultural replicator, before examining in
more detail what such a notion can offer to our understanding of music. The
following subsections consider, necessarily selectively, three key stages in the
development of cultural replicator theory since the early-twentieth century,
seeing them as stepping-stones towards the modern theory of memetics.
These theories generally focus on replication in verbal culture, but their
precepts are applicable in principle to any medium of culture, including the

visual and the sonic.
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3.3.1 The Mneme

Dawkins maintained that the name for his cultural replicator, the meme,
arose from a contraction of “mimeme” (Dawkins, 1989, p. 192), itself derived
from mimeisthai (pepetofan; to imitate) (Laurent, 1999, p. 1). Laurent argues
that a “more straightforward source” for “meme” is “mneme”, which he
maintains derives from mimneskesthai (uipuveoreofar; to remember), and
which is related to Mnemosyne (Mvnuoovvn), the Greek goddess of memory
(1999, p. 1). Laurent locates an appearance of “mneme” in Maeterlinck’s
entomological study The life of the white ant of 1927 (Maeterlinck, 1927).%
He notes that the white ant (i.e., the termite) is regularly referred to by
Dawkins (see, for example Dawkins, 1989, p. 171; Dawkins, 2006, p. 151),
and hypothesises that this may have influenced Dawkins” development of
the term “meme” (Laurent, 1999, p. 1).

Before Maeterlinck (and indeed Marais), however, and at the turn of the
twentieth century, the German zoologist Richard Semon was also using
the term “Mneme” (Semon, 1909; Semon, 1911; Semon, 1921; Semon et

7 u

al., 1923). Despite the seemingly different etymology of Dawkins” “meme”
(mimeisthai-mimeme—meme) and Semon’s “Mneme” (mimneskesthai/Mnemo-
syne-Mneme), the concepts are broadly similar. That is, both refer to a partic-
ulate unit of information that is stored in an organic form — in the substance
of the brain. Dawkins makes this clear when he says — drawing on ideas of
Delius (1989, 1991) (see also §3.8.3) — that memes are “self-replicating brain
structures, actual patterns of neuronal wiring-up that reconstitute them-
selves in one brain after another” (1989, p. 323). This formulation aligns
with Semon’s belief that the experiences undergone by an organism lead to
the formation of memory traces — engrams — that record the event and that

can subsequently be re-activated. As Semon explains,

I use the word engram to denote this permanent change wrought by
a stimulus; the sum of such engrams in an organism may be called
its ‘engram-store’, among which we must distinguish inherited from
acquired engrams. The phenomena resulting from the existence of one

or more engrams in an organism I describe as mnemic phenomena.

% On its first mention, Laurent (1999, p. 1) mistakenly gives the name of Maeterlinck’s text as
The soul of the white ant, which is in fact a work of 1925 by the ethologist Eugéne Marais (Marais,
2017), from which Maeterlinck (1927) plagiarised his text.
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The totality of the mnemic potentialities of an organism is its ‘Mneme’.
(Semon, 1921, p. 24; emphasis in the original)

Aside from the fact that Semon is using the term Mneme here to refer not to
a single stimulus-driven memory change but to the totality of an organism’s
engrams (i.e., what I term the memome; Table 1.3), there is a more significant
difference between Semon’s and Dawkins’ conceptions. This is the former’s
Lamarckian belief that such memory structures can be transmitted biologic-
ally, from one generation to another — his “inherited engrams” — as well as
culturally, from one person to another — his “acquired engrams”. Dawkins,
by contrast, maintains that memes are not transmitted biologically, but only
culturally; and that the latter process is Darwinian, not Lamarckian. There
are, nevertheless, what might be termed epimemetic complications relating
to this point, discussed in §3.4.3.

3.3.2 Evolutionary Epistemology

Although nineteenth-century commentators — even before the publication
of the Origin of species — made the connection between the development
of living things and the growth of human intellectual constructs, Donald
Campbell, developing ideas of Karl Popper’s, was arguably the first to set
such speculations on a firm footing (Popper, 1959; Campbell, 1960; Campbell,
1965; Campbell, 1974; Campbell, 1990). One of Campbell’s important early
contributions was to distinguish clearly between a number of contrasting
approaches to the application of evolutionary theory to human culture. These
fall into two broad categories.

The first category is concerned with the “interaction of culture and social
organization with man’s biological evolution” (Campbell, 1965, p. 19), which
Campbell subdivides into: (i) “genetic influence upon culture” (1965, p. 19),
in which cultural change is a manifestation of processes occurring at the
genetic level; and (ii) its converse, “cultural influence upon genetics” (1965,
p- 20), in which genes are affected by cultural changes. The second category
is the most pertinent here, being concerned with “socio-cultural evolution of
socio-cultural forms independent of changes in genetic stock” (1965, p. 20).
This second category is also subdivided, into: (i) a number of “theories
descriptive of the facts and course of socio-cultural evolution” (1965, p. 21);
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and (ii) a “theory descriptive of the process of evolution: variation and
selective retention” (1965, p. 22). It is this latter principle — variation and
selective retention (the latter essentially a form of replication) — that forms

the basis of Campbell’s application of biological models to cultural change.

Asserting that this “evolutionary epistemology” is grounded on the “psycho-
logical and epistemological point that all processes leading to expansions
of knowledge involve a blind-variation-and-selective-retention [“BVSR”]
process” (Campbell, 1960, p. 397) — note the attenuation of agency and inten-
tionality implied by the adjective “blind” — Campbell takes the mechanism of
evolution by natural selection and applies it directly to the growth of human
culture. He identifies that “[t]hree conditions are necessary: a mechanism
for introducing variation, a consistent selection process, and a mechanism
for preserving and reproducing the selected variations” (1960, p. 381). This
closely parallels Dennett’s, Calvin’s and Plotkin’s summaries of evolution
given in §1.5.1, echoing their articulation of the three terms of the VRS algo-
rithm. As the VRS algorithm (= g-t-r) in another guise, BVSR represents
the same fundamental paradigm — subsumed under the aegis of Universal
Darwinism (§1.5) — that underpins all increases in complexity in the universe.

While Campbell’s illustrations — in keeping with their Popperian foundations
— often focus upon the growth of verbally mediated scientific knowledge,
any human conceptual system that can sustain complex mental constructs,
irrespective of medium or symbolic system, is amenable in principle to
evolutionary-epistemological processes.”* Moreover, in emphasising the
blindness of the process, Campbell foregrounds the lack of agency and
intentionality — at best, the golden serendipity; at worst the hapless fumbling
— that very often attends the inception of insights in both the scientific and
the artistic realms, and that has a direct parallel in biological evolution’s lack
of “strategic” long-term goals (Dawkins, 2006).

Lastly, understanding Campbell’s model in terms of the VRS algorithm
challenges Sereno’s assertion that evolutionary epistemology is an example
of the organism/concept analogy (1991, p. 476) (§1.6.2). This is because

% Appendix I of Campbell (1974, pp. 457-458) lists sources on “trial-error and natural-
selection models for creative thought”; see also Appendix II (1974, pp. 458-459), which lists
sources on “natural selection as a model for the evolution of science”.



176 Music in Evolution and Evolution in Music

replicators, and not vehicles, are subject to the operation of the VRS algorithm
(§1.6.1), and thus evolutionary epistemology’s focus upon discrete units of
blind variation and selective retention — single ideas, albeit often organised
into complexes — implies that the gene (as replicator), not the organism (as
vehicle), is the appropriate analogue to the particulate unit of knowledge.

3.3.3 Cultural Ethology

Asking “is a cultural ethology possible?”, Cloak (1975) anticipated many
of Dawkins’ (1989) precepts of memetics, and aspects of its later develop-
ment by others. These precepts include: (i) the digital nature of cultural
information, which Cloak maintained exists as “tiny, unrelated snippets”
(1975, p. 167), or “corpuscles of culture” (1975, p. 168); (ii) a distinction
between (in memetic terms) the memomic and the phemotypic forms of a
meme, in Cloak’s terms between “specific interneural instructions culturally
transmitted from generation to generation” and their material products, or
between “i[nstruction, internal ]-culture” and “m[aterial, external |-culture”
(1975, pp. 167-168); (iii) the control of m-culture by i-culture in order to
foster the latter’s replication (“the natural selection of instructions”) (1975,
p. 169); (iv) the assembly (or co-replication) of units of cultural information
to form complexes, or “cooperating cultural instructions” (1975, p. 169); and
(v) the view that a unit of i-culture is “more analogous to a viral or bacterial
gene than to a gene of the carrier’s own genome”, so is at best symbiotic with
and, at worst, parasitic upon, its human “hosts” (1975, p. 172).

Central to Cloak’s thesis is the idea (point (iii)) that the human behaviour
(leading to the production of m-culture artefacts) that is the concern of
(cultural) ethology is controlled by replicators — corpuscles of (i-)culture —
in ways that foster their replication. In a manner that is directly analogous
to gene-based natural selection, Cloak argues that,

[a]s a system of instructions [i.e., a memeplex] proliferates in a given
environmental subregion, its several instantiations come into ‘construct-
ive’ competition with each other. Any instantiation of the system which
is fortuitously modified — usually by the acquisition of a novel compon-
ent instruction — so that the m-culture feature it produces is better able

to help determine the occurrence of the whole set in certain locations
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will often thereby exclude the other instantiations from surviving or
propagating in those locations. Then it is only a matter of time before the
modified instantiation becomes typical of the system. As this competi-
tion process is repeated, of course, the system becomes more complex
and, as a rule, the m-culture feature becomes more elaborate and more

‘

powerful” in terms of its particular environmental effects. (Cloak, 1975,
p-169)

Of course, to equate a unit of cultural information with a “corpuscle” is
to align it with a cell and not, as Dawkins proposed, with a sub-cellular
molecule (a gene; level seven of Table 1.4). Nevertheless, the reference is pre-
sumably metaphorical, being made to stress the indivisible, particulate nature
of cultural inheritance: Cloak implies that, like “genetically programmed
instructions”, the units of cultural replication are “fixed and discontinuous”,
not “plastic [and ] continuously variable” (1975, p. 166). Thus, the funda-
mental units of cultural information are the “specific interneural instructions”

referred to in point (ii) above.

3.4 Key Issues in Memetics

For all their different origins, the pre- and proto-memetic theories of cul-
ture outlined in §3.3 have several features in common, generally hypothes-
ising a particulate basis for culture in which variant forms of units arise
quasi-randomly and are selected according to some set of (conscious or un-
conscious) criteria for further replication. In this sense, memetics — to the
extent that it has been theorised — is not fundamentally different from its
precursor theories. It does, however, appear to have greater traction, cer-
tainly in popular culture, compared with its antecedents. This is perhaps
the result of Dawkins’ wise formulation of the word “meme” as an ana-
logue of “gene” (§3.3.1), and the arguable considerable sonorous appeal,
concision (and similarity to “méme”, for francophones) of the word. In this
sense, the acceptance of Dawkinsian memetics is not necessarily the result
of its intrinsically greater explanatory power compared with, for example,
Cloak’s (1975) hypothesis. Rather, it arises, at least in part, from the kinds
of cultural-saliency effects memetics predicts, this salience to some extent

i

serving to validate the theory itself. In short, the “‘meme’ meme” (Costall,
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1991) is a good replicator; the rest of the theory of memetics — the wider
verbal-conceptual memeplex — piggybacks on the selfishness of this “index”
term. In this section, I consider three aspects of memetics that seem key to
the idea of cultural replicators, illustrating some aspects of them by reference
to musical examples.

3.4.1 Qualitative versus Quantitative Memetics

Memetics celebrated its fortieth birthday in 2016, if the publication of the
first edition of Dawkins’ The selfish gene (Dawkins, 1989) is taken to be the
inception of this particular incarnation of cultural replicator theory. How
high is its intellectual capital at the time of writing, and how has this changed
over the last four decades? Perhaps a more tractable question might be:
“how widely replicated is the ‘meme’ meme and what might this tell us
about the esteem in which memetics is (or is not) held”? Of course, any
current salience of the term does not necessarily mean that memetics is an
established academic discipline, nor, more importantly, that it necessarily
captures some or all of the truth. Indeed, repeated citations of a term might
indicate attempts to bury it, rather than to praise it, as Mark Anthony might
have said.” Nevertheless, one way of measuring its changing impact, if not its
veracity, is by tracking citations of terms such as “meme(s)” and “memetic(s)”
(Jan, 2015a, pp. 71-72, Fig. 2). These occurrences serve as markers of the
“meme” meme — as noted above, it is strictly a verbal-conceptual memeplex,
indexed by “meme” —in the sense that their appearance is normally correlated
with expositions, discussions and critiques — and even endorsements — of the
concept(s) encompassed by the memeplex.

The justification for undertaking such tracking is that, as a verbal-conceptual
memeplex, memetics is as subject to the operation of the VRS algorithm as any
other memeplex. Tracking citations explicitly measures the “R” element of
the algorithm and implicitly captures the “S” element. The “V” element is not
directly measurable using such approaches, because the search terms are, as
noted, merely markers of the larger memeplex and do not evidence internal

structural changes within it — these occurring by means, as Cloak (1975,

% In some disciplines, such as anthropology, memetics is often cited in the context of criticism
(Kuper, 2000), in part because memetics counters the holistic and static view of culture offered
by anthropology with its own particulate and dynamic alternative.
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p- 169) would have it, of “the acquisition of a novel component instruction”.
Only more detailed study of such sub-terms of the memeplex can allow
one to track changes in its wider complexion and structure over time. The
Mark-Anthony caveat notwithstanding, selection is often a marker of some
level of acceptance of the concept selected.

To illustrate how this tracking might be accomplished, Figure 3.2 shows a
visual representation of the chronological and conceptual-spatial distribution
of a subset of publications containing the term “memetic” — in their title,
abstract, keywords and (crucially) their references — from 1980-2020 listed in
the Scopus research database (Scopus, 2020) and generated by the CiteSpace
citation-analysis/visualisation software (Chen, 2019b; Chen & Song, 2019).%
CiteSpace

is designed to answer questions about a knowledge domain .... A know-
ledge domain is typically represented by a set of bibliographic records
of relevant publications.... CiteSpace is designed to make it easy ... to
answer questions about the structure and dynamics of a knowledge
domain[, such as] ...: What are the major areas of research based on
the input dataset? How are these major areas connected, i.e., through
which specific articles? Where are the most active areas? What is each
major area about? Which/where are the key papers for a given area? Are
there critical transitions in the history of the development of the field?
Where are the ‘turning points’? The design of CiteSpace is inspired by
Thomas Kuhn's [ The] Structure of Scientific Revolutions [ (Kuhn, 2012)%7].
The central idea is that centers of research focus change over time, some-
time incrementally and other times drastically. The development of
science can be traced by studying their footprints revealed by scholarly
publications. (Chen, 2014, p. 4)

CiteSpace essentially maps the forms of conceptual transmission described
by the epidemiological “virus-of-the-mind” (Brodie, 1996) and “thought-
contagion” (Lynch, 1996) formulations common in the memetics literature
of the 1990s (see also Rosati et al., 2021). By “a visual representation of the

% “Scopus is the largest abstract and citation database of peer-reviewed research literature
including ... [o]ver 24,000 titles, including 4,200 Open Access journals from more than 5,000
international publishers” (Scopus, 2020).

9 Kuhn generally terms such “turning points” “paradigm changes” but “paradigm shifts”
has become more common (2012, pp. xxiii, 52), perhaps because it is a superior meme.

”ou
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chronological and conceptual-spatial distribution” in the paragraph before
the quotation above is meant a depiction of the cultural-transmission relation-
ships between sources dealing with the chosen concept and the groupings
they form. Sources are termed “nodes” in CiteSpace, and are represented
by small coloured dots in the “visualisations” it generates. Groupings are
termed “clusters”, and are represented by collections of nodes of varying
density connected by coloured lines emanating from one or two central
nodes, the latter being identified by associated author-date citations. Clusters
therefore arise when certain relatively discrete, highly interconnected constel-
lations of nodes develop as a result of their drawing upon one or two seminal
(highly-cited) nodes at their notional “centre”, creating a network of many
citers connected to few citees. In this sense, “[e]ach cluster corresponds to
an underlying theme, a topic, or a line of research” (Chen, 2020, sec. 4.2).

From a Darwinian perspective, the connections binding together clusters es-
sentially trace replication relationships from intellectual antecedents to their
consequents. To map these epistemological spaces, clusters are identified by
a number (starting at “#0”, in descending order of cluster size) and a verbal
label, these being associated with one or two node labels identifying the most
important sources in each cluster. Cluster labels are generated by CiteSpace
using title, index/keyword, or abstract terms, utilising specific statistical-
weighting models.”® Cluster #0 in Figure 3.2, for instance, represents sources
linked by the noun-phrase “evolutionary ecology” and its cognates, the ana-
lysis extracting this label using a log-likelihood ratio (LLR) distribution from
node-titles (other statistical-analysis methodologies may alternatively be
utilised for this purpose). The analysis and representation of cluster distri-
bution by CiteSpace is extensively configurable using a considerable array of
mathematical functions, and one could compare and contrast the outcomes
of several of them in order to understand more fully the cultural-transmission
dynamics of the knowledge domain in question. For present purposes, how-
ever, Figure 3.2 represents the results of employing the default settings of
CiteSpace and of following the guidance for use given in Chen (2019a).

98 CiteSpace can minimise node- and cluster-label overlaps in visualisations, but this function
is not used in Figure 3.2 (or in Figure 4.10 (§4.6), which explores publications containing the
terms “music” and “gender”), in order to associate as closely as possible the centres of clusters
with their generative node(s). Sources obscured by overlapping labels are clarified in the text.
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Returning to the dataset, using “memetic” as the search term will also locate
“memetics”, and will avoid confusion of “meme” with “méme” in literat-
ure in French. At the time of searching, and using the search-parameters
selected, the total number of publications containing this term was 4,158, the
earliest being Ball (1984) and not Dawkins (1989). This is because Dawkins
(1989) (the first edition of which was published in 1976), while it coins the
term “meme”, does not use the term “memetic” in its title. To constrain
the search results to a reasonable size, CiteSpace analysed a subset of these
4,158 publications, namely entries in Scopus’s Arts and Humanities category,
which, at the time of the query, contained 160 records. The justification for
this constraint is that this subset represents a clear disciplinary boundary
from other subsets, such as the Mathematics category (1,609 records), or the
Biochemistry, Genetics and Molecular Biology category (93 records). The
Arts and Humanities subset does not include Ball (1984) as a record because
it is not assigned to this category, but this source is (as the citee) referenced
in an article (as the citer) from 1998. The earliest record in this category of
the Scopus database to contain the search term relates to an article dating
from 1996.

Having explained the necessary context, what does Figure 3.2 reveal about
the chronological and conceptual-spatial distribution of the selected literature
on memetics? Before examining the visualisation itself, CiteSpace’s analysis of
the number of unique records (of the total 119 given in note 99 on page 181)
per year, graphed in Figure 3.3, shows a halting but clear increase, indicating
growing dissemination of the “meme” meme.

Turning back to Figure 3.2, and to summarise a complex set of relation-

100

ships,'” one might make the following observations:

9 The report detailing the outcome of CiteSpace’s extraction of data from the .ris bibliographic
citation file exported from Scopus states that “159 records [were] converted .... Total References
[i-e., citations of literature within sources]: 6,880[;] Valid References: 6,859 (99.0%)”. It should
be noted that, as is often the case with Scopus records, there is a certain amount of duplication
in the data (i.e., the same article is listed as two ostensibly separate records), and so a further
stage of processing was undertaken, which reduced the sample size to 119 unique records.

100 There is a risk in enumerating the analytical outcomes of programs such as CiteSpace that
one ends up in the position of Borges” map-makers in his short story On exactitude in science
(1946), who decided that only a map of scale 1:1 would be adequate; thus, “the Cartographers[’]
Guilds struck a Map of the Empire whose size was that of the Empire, and which coincided
point for point with it” (1998, p. 325).
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Figure 3.2: CiteSpace Visualisation of Citations of “Memetic” per year 1980-2020 in Scopus.
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1. While there are 116 notional clusters and eleven clusters graphed in the default

layout (#0—#6, #10, #14, #16 and #24), using CiteSpace’s facility to display only
the largest of them reduces this number to eight principal clusters (#0—#6 and
#10). The presence of a number of clusters, entirely typical of CiteSpace visual-
isations, indicates that, as with most knowledge domains, transmission here
does not occur in orderly concentric circles from a single central point in the
manner of ripples in a pond, but rather in the form of various semi-discrete
breakout “infections”, which spawn their own local progeny. Another way to
regard the non-concentric layout of Figure 3.2 is to invoke the concept of spe-
ciation. While the verbal-conceptual memeplexes underpinning the different
clusters are not, according to Figure 1.4, analogous to species (memeplexes
occupy level six; species occupy level three), a similar process is at work in that
once a cluster has broken away from its “parent”, it tends not to re-aggregate

with it.!!

. As might be expected from a nascent discipline, some of these clusters arise

from sources that appear to have (co-)fostered the development of more than
one cluster. Those sources are Boyd and Richerson (1985) (clusters #2 and #6)
and Blackmore (1999) (clusters #1, #2 and #4). In addition to these highly cited
sources, highly cited authors include (unsurprisingly) Dawkins, represented by
Dawkins (1989) (labelled on Figure 3.2 by the date of publication of the first
edition, 1976) (cluster #1), and Dawkins (1983a) (labelled by its first-edition
date of 1982) (cluster #3); and Aunger, represented by Aunger (2000) (cluster
#0), and Aunger (2002) (cluster #5). CiteSpace’s term for such pivotal sources
is “centrality”, which “quantifies the importance of the node’s position in a
network” (Chen, 2006, p. 362). The program’s “narrative summary” of this
network identifies the three most central nodes as (in decreasing order of
centrality) Aunger (2000), Dawkins (1989) and Blackmore (1999). Moreover,
the summary identifies, in its “citation count” ranking, the three most cited
nodes as (in decreasing order of citations) Dawkins (1989), Blackmore (1999)
and Aunger (2000).

. As noted above, cluster #0 is associated with the concept of evolutionary eco-

logy, and Aunger (2000) is the central node. Its intellectual focus is exemplified

by one of the “hidden” nodes —i.e., one not explicitly labelled with an author-

101 The standard layout of CiteSpace visualisations prioritises the conceptual-spatial over the
chronological, in that clusters further away from the centre are not necessarily later in their
formation (one can extract an average year for each cluster, which “indicates whether it is formed
by generally recent papers or old papers” (Chen, 2020, sec. 4.2)). The program’s “timeline view”
inverts this prioritisation.
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date citation — of Figure 3.2. On Blute’s definition, evolutionary ecology “seeks
a theoretical halfway house between the near-universal tautology of the fitness-
selection nexus and the near-complete historical specificity of the myriad details
of what is adaptive in locally prevailing circumstances” (2002, sec. 1; see also
Tab. 1). In ways that are directly applicable to memetics (specifically the evolu-
tion of science, in the case of Blute (2002)), the discipline considers the effects
on evolution of population density (i.e., fixed boundaries, variable energy)
(Blute, 2002, sec. 2, sec. 3), and of growth rate (i.e., variable boundaries, fixed
energy) (2002, sec. 5).

. Cluster #1 relates to the extension of the “selfish gene” metaphor coined in
Dawkins (1989) to cultural replicators, this “selfish meme” cluster being par-
ticularly distinct. As the layout of Figure 3.2 suggests, while the initial impetus
for this cluster was provided by Dawkins (1989), it was further impelled by
Blackmore (1999). The label of cluster #2 lacks the adjective “selfish” of cluster
#1. This absence might account for the smaller size of cluster #2 in comparison
with cluster #1 (as noted above, the lower the number, the larger the cluster),
and might, indirectly, be taken as evidence of the selfish replicator concept
itself.

. Cluster #3 is concerned with the evolution of satirical cartoons of the cata-
strophic oil-slick caused by the sinking of the Prestige oil tanker off the coast
of Spain in 2002. While exemplified by such sources as Dominguez (2015),
and while perhaps the ultimate source of the phenomenon discussed apropos
Figure 3.1, this cluster originates (as noted) from Dawkins (1983a) and also
from Brodie (1996), the latter, as mentioned after the quotation on page 179,
developing (as with Lynch (1996)) an epidemiological model of memetics.
Associated with Aunger (2002) and Baudrillard (1988), cluster #5 relates to
patenting and other intellectual-property issues understood in the light of
memetics, and takes its label from the title of Bedau (2013).

. The transmission of memetic ideas in the musicological literature is relatively
peripheral to the main centres of transmission, but — at the risk of appearing
immodest — the (sub)title of one of my own publications (Jan, 2012) figures as
the label of cluster #4. CiteSpace extracts the phrase “Haydn chord progression”,
which might suggest that the whole cluster is concerned with this subject. It
is worth remembering, however, that in this network of citers and citees (and
indeed all networks analysed by CiteSpace), a wide range of sources may be
referenced, and a significant portion of this literature may not necessarily

be about Haydn, this specific chord progression, or even music theory more
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generally. In this sense, and although potentially illuminating, a cluster label
may often represent the tip, as opposed to the main body, of an iceberg.

7. Two clusters, #6 and #10, are marked by the appearance of the phrase “nat-
ural myside bias”, which relates to issues of belief-transmission in knowledge
communities. Cluster #6 (which develops as an outgrowth of cluster #2) is
centred on a study of children’s awareness and understanding of adult thought-
processes (i.e., of children’s possession of a “Theory of Mind”; §3.7.1, §3.8.2)
in Cameroonian pygmies (Avis & Harris, 1991). Cluster #10 relates to issues of
authority and controversy in science, represented by Hull (1988b) and Gould
(1997), the latter node representing a specific skirmish in a protracted con-
flict between Dennett and Gould over Darwinism pitting “fundamentalists”
(principally Dawkins and Dennett) against “moderates” (as Gould implicitly

presents himself).

To recall the distinction made earlier, it seems that some of these 119 sources
(and the 4,158 of which they form a subset) did indeed come to praise
memetics and some came to bury it. Whether one believes the pro or contra
sources, at the very least, as a hypothesis, memetics has had a successful
replication history (although this is not to compare its replication with other
theories of cultural evolution, let alone with other scientific theories more
broadly). This history exemplifies a key precept of the theory, namely that
transmission of an idea is independent of its veracity. Of course, undertaking
a distributional analysis of a verbal-conceptual memeplex is only one form
of what might be termed population memetics, one that aligns with, and is
facilitated by such corpus-analytical/“big-data” approaches exemplified by
CiteSpace (see also Sharma et al., 2014; Rose et al., 2015; Jeffries, 2019).

There is, moreover, an extant tradition of computer-aided intra- and inter-
work pattern-analysis in music (§6.1), whose methodologies can be re-
purposed to serve a specifically quantitative-memetic agenda. Indeed, some
of this work — Savage (2017) is a good example — has essentially studied
memetic evolution, albeit generally not explicitly under that rubric. Thus,
while intra- and inter-work memetics has hitherto often been conducted qual-
itatively — certain patterns having been identified “manually” in candidate
works and ascribed a memetic status on balance-of-probability grounds —
there is considerable scope for applying the technologies represented by
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CiteSpace to music “automatically”, in order to garner quantitative data on

museme prevalence and transmission.

3.4.2 Cultural Adaptation and Exaptation

Discussing the fact that the distinction between adaptations (aptations built
by selection for their current role) and exaptations (aptations “coopted”
for their current role) had not been fully recognised until their own article
gave it an appropriate nomenclature (§2.5.1), Gould and Vrba argue that
“the conceptual framework of modern evolutionary thought, by continually
emphasizing the supreme importance and continuity of adaptation and
natural selection at all levels, subtly relegated the issue of exaptation to a
periphery of unimportance” (1982, p. 6). It is possible to understand this as
an example of the replication of a particular verbal-conceptual memeplex
(that defining exaptation) being constrained by the predominance of a more
powerful memeplex (that defining “the [adaptation-focused] conceptual
framework of modern evolutionary thought”). In this sense, the relationship
between the two memeplexes is readily conceivable in terms of constraints

on the selection of the weaker memeplex by the stronger.

What would constitute an adaptation in memetic terms, and how might
it be distinguished from those phenomena that might more properly be
regarded as exaptations? It is perhaps easier to find examples related to
this issue in music than in verbal culture. Figure 3.4 shows candidates for
these processes, Figure 3.4a showing the local subdominant of V (thus, a
hint of the tonic, G major) in the dominant second half of an exposition; and
Figure 3.4b showing the same inflexion but now as a beginning gesture, not
as the arguably more normative ending gesture, to invoke Agawu’s tripartite
“beginning-middle-ending paradigm” (1991, pp. 53-54).

I make this claim of normativity without advancing any supporting evid-
ence; but hypothesise that a statistical survey of the various binary forms
antecedent to sonata form, and of sonata forms themselves (Rosen, 1988;
Caplin, 1998; Hepokoski & Darcy, 2006), would probably show a significant
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Figure 3.4: Adaptation and Exaptation of Musemes.
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predominance of the “ending V/IV-IV” over the “beginning V/IV-IV”.102
This would suggest that the ending form evolved first (i.e., it was an earlier
adaptation, perhaps for reasons of its alignment with various natural and
nurtural constraints); and its “cooption”, to use Gould and Vrba’s (1982)
term, as a beginning gesture was a later exaptation. Nevertheless, the use of
the quiescenza schema — the archetype of this pattern — as a beginning gesture
in some mid- to late-eighteenth-century music (Gjerdingen, 2007a, pp. 181-
182, 460) might be taken as evidence against my “end-adaptive/beginning-
exaptive” claim and in favour of its inversion, although Gjerdingen believes
that “[a]s a framing device, it could also appear as an opening gambit ...,
though this usage was less common” (2007a, p. 460).

3.4.3 Lamarckism versus Darwinism in Cultural Evolution

The key distinction between Darwinian and Lamarckian inheritance in bio-
logical evolution was discussed in §1.8. This section considers the extent
to which the distinction is applicable to cultural evolution (see also Den-
nett, 2017, pp. 243-247). To summarise the earlier discussion briefly, while
Lamarck believed in the inheritance of acquired characteristics, the Darwin-
ism of the Modern Synthesis insists on the distinction between a germ line
and a soma line, to recall Weismann’s terms. This means that only changes
motivated by the genetic “shuffling” that occurs at conception can be trans-
mitted to an organism’s offspring, not any modifications to a parent’s body
that occur during its lifetime. One apparent manifestation of Lamarckism
is the phenomenon of epigenetic inheritance, which offers a set of mech-
anisms — perhaps most notably the chromatin-marking EIS — by means of
which certain acquired attributes might not only be inherited by cells within
tissues, but which might also be transmitted to an organism’s offspring. As
argued on page 60, this poses no threat to Darwinism — the Lamarckism
is illusory — because genes are the only replicators on earth able to carry
sufficient information to build vehicles; and, perhaps more fundamentally,
because whatever mechanism carries information, the VRS algorithm does
not depend upon a specific architecture for its implementation, only upon
the presence of its three component processes.

102 Note that these are essentially the same museme - strictly, all instantiations of either form
of the pattern belong in the same museme allele-class (§3.5.2) — and that they differ primarily in
respect of their structural location (Jan, 2010, pp. 11-13).
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One point not made in §1.8 is that epigenetics is not universally accepted
by evolutionary theorists, and is particularly controversial when applied to
our own species. This is due not only to ongoing scientific debates about
the nature and extent of epigenetic mechanisms (which remain imperfectly
understood), but also because the theory has been hijacked by those who
wish to use it in the service of social engineering in order to foreground
nurture over nature. As Murray remarks, “[e]pigenetics seems to promise
release from genetic determinism. It seems to offer new explanations for phe-
notypic differences and new possibilities for remediation. At the extremes, it
seems to offer hope for greater equality of capabilities and outcomes across
groups” (2020, loc. 5058). Yet, having considered such organisms as the
mule, the hinny and the Toadflax — in which epigenetic inheritance appears
to elucidate certain phenomena that defy a genetic explanation — it should be
noted that the “involvement of epigenetic mechanisms in intergenerational
transmission has been yet little documented in humans ..., and never across
several generations” (Marcaggi & Guénolé, 2018, p. 6). Nevertheless, it is
important to make a distinction between epigenetic transmission / inheritance —
where some attribute is inherited by non-genetic means — and the action of
epigenetic factors in brain plasticity — where some ontogenetic change occurs
for reasons that are not directly genetic. Of these phenomena, the latter
is more accepted than the former (see note 81 on page 138). Despite this,
it is possible that epigenetics in the former sense might yet be relevant to
some extent to cultural, if not to (human) biological, evolution, although
not necessarily in ways its more extreme proponents might envisage. As

Kellermann summarises epigenetics and his application of it,

[e]pigenetics is typically defined as the study of heritable changes in gene
expression that are not due to changes in the underlying DNA sequence.
Such heritable changes ... often occur as a result of environmental
stress or major emotional trauma and would then leave certain marks on
the chemical coating, or methylation, of the chromosomes. The coating
becomes a sort of ‘memory’ of the cell and since all cells in our body carry
this kind of memory, it becomes a constant physical reminder of past
events, our own and those of our parents, grandparents and beyond....
In the same way as parents can pass on genetic characteristics to their
children, they would also be able to pass on all kinds of “acquired” (or

epigenetic) characteristics, especially if these were based on powerful
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life-threatening experiences .... Such environmental conditions would
leave an imprint on the genetic material ... and pass along new traits
even in a single generation. (Kellermann, 2013, p. 34; emphasis in the

original).

Reiterating the caution that epigenetic markers can only be passed on to
an organism’s descendants if they affect gametes, the type of epigenetic
inheritance hypothesised here concerns a different category of traits from
those generally explored by “mainstream” epigenetics. While the latter con-
sider the transmission of morphological and physiological changes acquired
during an organism’s lifetime, for Kellermann (2013) the traits in question
are, it seems, primarily psychological; and they tend to result specifically from
some form of violent trauma, rather than from some other environmental or
idiopathic cause. Kellermann (2013) explores the specific case of the horrors
suffered by holocaust survivors, which, he believes, are re-lived by first- and
second-generation descendants of victims as a result of epigenetic transmis-
sion. As he claims in connection with such “transgenerational transmission
of trauma” (TTT), “[i]t seems that these individuals, who are now adults,
somehow have absorbed the repressed and insufficiently worked-through
Holocaust trauma of their parents, as if they have actually inherited the un-
conscious minds of their parents” (Kellermann, 2013, p. 33; emphasis in the

original; see also Franklin et al., 2010).

Kellermann asserts that epigenetic changes to parents” DNA resulting from
trauma might be transmitted to their children and grandchildren who, as a
result, would have a higher propensity to suffer from post-traumatic stress
disorder (PTSD), despite not having directly experienced their parents’ or
grandparents’ ordeals. PTSD is often manifested in such individuals in the
form of nightmares whose specific content seems to replicate their ancestors’
experiences (Kellermann, 2013, p. 35). Despite his caution that, “[whether]
any specific past memory can be epigenetically transmitted or not ... must be
left open to speculation and we should be careful not to slip from reasonable
assumptions to fantastic and unsupported scenarios” (2013, p. 35; emphasis
in the original), Kellermann appears to believe that there is indeed some
mechanism whereby trauma-mediated methylation can be transmitted to
offspring in ways that —and here is the leap — affect neurons in such a way as to
reconstitute in the child the ancestral patterns of interconnection responsible
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for encoding the trauma — if not the specific details of the original memory
from the parent or grandparent, at least some existential shudder caused
by its epigenetic echo.!® It should be clear that this claim goes well beyond
what mainstream epigenetics would be prepared to countenance, adherents
generally restricting themselves to considering such cases as the odd-shaped
flowers of the peloric Toadflax. For harsher critics of epigenetics, or certainly
of its populist appropriation, the evidence for such extended applications
is “weak, circumstantial, observational, and correlative, and ... warrants
circumspection and careful interpretation ...” (Mitchell, in Murray, 2020,
loc. 5121) — this apropos a related study by Yehuda et al. (2016).

A memetic interpretation offers a different way of understanding what ap-
pears to be happening here, countering Kellermann’s (2013) implication
that memories can be biologically transmitted, whether genetically or, as he
suggests, epigenetically. It seems more likely that the propensity to PTSD
in the descendants of holocaust survivors results from their being influ-
enced by the memetic transmission of imagery of horror, both within the
affected family and also from the wider culture, to which affected individuals
are unavoidably exposed. The effects of such cultural transmission would
presumably be intensified in individuals who grew up with older family
members with first-hand experience of such events, whose psychological
scars — perhaps manifested in the form of high general anxiety levels or ex-
cessive risk-aversion — would be evident, even though often unspoken, and
would heighten the force of culturally transmitted holocaust imagery as a

result of the direct personal connections involved.!%*

A distinction, articulated in the form of two questions, now presents itself,
which will be treated briefly, and at times somewhat speculatively, in the
remainder of this section: (i) what epigenetic factors, if any, affect memetic

103 A variant of this situation — the biological transmission of memory - features in an episode
of the Paramount Television series Star Trek: Voyager (“Flashback”, Season 3, Episode 2, originally
broadcast 11 September, 1996). The Vulcan Tuvok suffers from distressing memories caused
not by observation or learning (memetic transmission) but by a virus (parasitic transmission)
that created a person-specific (false) memory so horrible its bearer represses it, allowing the
virus to survive undisturbed.

104 The same arguments might also be made in regard to claims of alien abduction: they
are memeplexes acquired from others and from the wider culture, not repressed memories of
traumatic past real-life events; and they are (sometimes) triggered by sleep paralysis, which
heightens (by analogy with the family-unit repercussions of holocaust trauma) the susceptibility
of individuals to the alien-abduction memeplex (Blackmore, 1999, pp. 176-178).
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transmission?; and (ii) if the transmission of memes is held to be analogous
to the transmission of genes, is there a memetic equivalent to epigenetic
inheritance — what might be termed epimemetic inheritance?

On the first question, even if, contra Kellermann, a memory cannot be epi-
genetically (and thus neither genetically) transmitted — which, on the basis
of the above discussion, seems very likely to be the case — it might be that
the memetic transmission of the memory’s information-content could still be
mediated in some way by epigenetic factors. Might epigenetic modifications
to the peripheral and central nervous systems, if they exist, differentially
advantage (or disadvantage) certain m(us)emes? If so, is there a clear qual-
itative or quantitative difference between the genetic mediation of memetic
transmission, where genes set the environmental “frame of reference” for
memes; and the epigenetic mediation of memetic transmission, where some
experience in an individual’s life (or the life of one of their (grand)parents)
affects their gene expression, which in turn specifically affects the kinds
of memes that individual, and his/her (grand)children, are receptive (or
averse) to and/or are more likely to remember and transmit?

To say that genetic mediation affects the transmission of m(us)emes is noth-
ing new: our innate perceptual-cognitive attributes determine what may or
may not be memetically replicated, and thus our cultural life is to a signific-
ant extent contingent upon what we can and cannot perceive, comprehend
and remember (Lerdahl, 1992). As discussed in §3.2, this was framed by
Wilson in terms of the metaphor of genes holding culture on a leash. Gene-
imposed constraints are, however, often quite coarse-grained: they specify
such generic restrictions as, in music, the duration of STM for phrases, or
the normative pitch intervals of melodies; they do not, for instance, privilege
precise sequences of intervallic contours, or specific thythmic patterns. By
contrast, epigenetic mediation is equivalent, to adapt Wilson’s metaphor, to
the (epi)genes giving the cultural dog specific commands, or eliciting cer-
tain behaviours, perhaps using particular rewards to do so. The difference
between these two categories is therefore that genetic mediation inheres in
the configuration and policing of the learner bottleneck; whereas epigenetic
mediation inheres in the finer-grained “nudging” of movement through that
bottleneck, together with a more selective degree of filtration.
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Figure 3.5: Dissonance-Consonance/Pain-Pleasure Museme: Mozart, Cosi
fan tutte K. 588 (1790), no. 4, “Ah guarda, sorella”, bb. 22-28.

Developing the latter point, and at the risk of abandoning the cautions
around epigenetics advocated above, it might, at least in principle, be possible
to correlate epigenetic mediation with specific m(us)emes. Could it be,
for instance, that a profound emotional experience in the early life of an
individual might lead to epigenetic changes in the emotion centres of their
brain, such that they or their descendants are especially sensitive to certain
m(us)emes, thus making them more likely to assimilate and transmit them
(or, conversely, to reject them)? In music, this might perhaps be manifested
in a heightened sensitivity to musemes that have a “pain-pleasure” emotional
contour owing to underpinning dissonance-consonance patterns, such as
that shown in Figure 3.5, with its 7-6 (c#*-b! over bass d) appoggiatura in b.
27.

The answer to this question is obviously very difficult to determine, be-
cause any increased (or decreased) propensity to replicate certain musemes
differentially over others may be the result of one or more of the follow-
ing four factors: (i) genetic (“culture on a leash”); (ii) epigenetic (altered-
gene-expression mediating perceptual-cognitive propensities); (iii) memetic
(multi-museme-mediated changes to a cultural environment); or epimemetic
(see below) factors. Each could produce broadly similar results to the others,

and all could operate in various forms of conjunction.
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On the second question raised on page 192, and occupying the distant shores
of speculation, if there is a meaningful distinction between the genetic and
the epigenetic, is there also a parallel distinction between the memetic and
the epimemetic? One of the main hurdles this question faces relates to the
quite different mechanisms of genetic and memetic inheritance: the former
relies upon the complex information-architecture of patterns of nucleic acids
acting, via the proteins that build bodies, to ensure their replication; the latter
relies upon the complex information-architecture of patterns of neuronal
interconnection acting, via behaviours and the artifacts this behaviour gives
rise to, to ensure their replication. Moreover, because there is not such a clear-
cut (replicator-vehicle) distinction between the memome and the phemotype
— between the germ line and the soma line — as there is between the genome
and the phenotype, it is arguably more difficult to distinguish between the
memetic and the epimemetic than it is to distinguish between the genetic and
the epigenetic. Is there anything in memetics that is even remotely analogous —
functionally, if not structurally — to the chromatin-marking EIS? A comparable
phenomenon might perhaps be seen in the capacity of m(us)emeplexes to
contain elements that are “expressed” in some instantiations and “silenced”

in others.

In the verbal-conceptual realm, for instance, a given articulation of a particu-
lar constellation of ideas might include several or most of its independent
memetic subcomponents; or it might restrict their expression, such that one
meme stands for the whole (silenced) verbal-conceptual memeplex, as in the
rhetorical trope of synecdoche. In music, a museme that forms a component
of a musemeplex might stand alone, implying the other silenced musemes.
As an example, Figure 3.6 shows a two-voice pattern that is also a constituent
(specifically, Musemes 1 and 5) of the musemeplex shown in Figure 3.10a
and Figure 3.10b on page 204 (see also Jan, 2004, p. 73). In Haydn’s phrase,
these two musemes form components of a different structure, itself possibly
a musemeplex. This might be understood as suppressing the expression of
those (three) other musemes, and thus the musemeplex as a whole, from
the chronologically and possibly aetiologically antecedent Mozart phrases
that are not shared with Haydn’s phrase.
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Figure 3.6: Musemes from “Silenced” Musemeplex: Haydn, String Quartet
in F major, op. 74 no. 2 (1793), 11, bb. 1-8.

A putative epimemetics is also tied up with the issue of mutation/variation.
In the case of genes, mutations may confer advantages upon their possessor
that may differentially affect their survival. The same is true of epigenetic
changes that, while they do not alter a given gene, may nevertheless mediate
its expression and thus have an aptive effect via the resultant phenotype.
In the case of m(us)emes, a comparable situation might be found in the
aptive benefits that accrue from the (eventual) expression of what might be
termed “suppressed mutations”. An intriguing passage in Narmour (1977),
an early statement of his Implication-Realisation (I-R) model, serves as an
illustration of this principle, and also affords an objective mechanism for
certain processes often understood purely metaphorically in historiographic
discourses on music (§4.3.3). Figure 3.7 (a much simplified version of Nar-
mour, 1977, 127-129, Ex. 44, ignoring certain rhythmic aspects) hypothesises
how implicative forces in musical patterns — a form of agency reinscribed in
cognitive-psychological terms — can, if realised, become consolidated as new
(historical-) stylistic norms that themselves, as a result of newly available

implications, motivate further style-expanding realisations.

Here, pattern x arises from the realisation in Figure 3.7b of the implication
for further upward motion from the g! in Figure 3.7a. Pattern x then carries
within it the implication for further upward continuation from the a'. All
these implications are instances of the structure Narmour terms “Process”,
symbolised by “[P]” —i.e., they are step-wise (or small skip-wise) motions
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Figure 3.7: Realisation of Implicative Forces as a Factor in Musical Style-
Change.

that are continued in the same direction and by similarly small intervals (1990,
p- 89). The opposite structure is termed “Reversal”, symbolised by “[R]” -
i.e., they are stepwise (or small skip-wise) motions that are interrupted by a
large interval moving in the opposite direction (or vice versa) (Narmour,
1990, p. 151; see also Narmour, 1999). An epimemetic interpretation of this
process of style-expanding mutation would see such changes as being initially
suppressed by various closural forces, before eventually overwhelming those

constraints and reifying that which was previously latent.

3.5 Memetics and Music

Although §3.4 included some consideration of music, this section considers
in more detail three areas in which memetics might be brought to bear spe-
cifically on its evolutionary understanding. After a brief overview of some
key precepts of “musicomemetics” (§3.5.1), the first area (§3.5.2) concerns
the assemblage of musemes, a process that creates the large-scale hierarchic
structures characteristic of most human musics. The second (§3.5.3) expands
upon the first, regarding improvisation and composition as exemplifications
of the processes discussed in §3.5.2. The third (§3.5.4) considers the rela-
tionship between musemes and what might be termed “gestemes” — the

culturally transmitted gestures intrinsic to musical performance.
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3.5.1 Overview of Musicomemetics

I'have covered elsewhere various aspects of memetics as it relates to music
(Jan, 2007; Jan, 2010; Jan, 2011a; Jan, 2011b; Jan, 2012; Jan, 2013; Jan, 2014;
Jan, 2016b; Jan, 2015b; Jan, 2016¢; Jan, 2016a; Jan, 2018a; Jan, 2018b). The
following discussion will serve as a very concise summary of some of the
issues covered in these publications, and as an attempt to relate them to some
of the ideas covered in Chapter 1 and Chapter 2. By way of a starting-point,
Figure 3.8 shows a candidate museme at various stages of its hypothesised

evolutionary history.

Figure 3.8a (Mussorgsky, 1987, after) shows a passage that, over a dominant
pedal, features the lower-auxiliary motion 2-1-2.1% The middle element
of this pattern, the 1, is harmonised by a chord that, if one assigns a local
harmonic designation, is an implied vi3 — the “6”, €2, is not stated — within
the local dominant prolongation of the auxiliary. Figure 3.8b (Tchaikovsky,
1900, after) shows a similar 5-1-5 /V structure in which the middle element
is harmonised by a full vi3 in which all components of the central seventh
chord are present, giving the pattern a subtly different sonority — the “6”,
here b, markedly alters the effect — to Mussorgsky’s version. Figure 3.8¢c
(Stravinsky, 2006, after) has essentially the same progression as Tchaikovsky,
save that the auxiliary motion is incomplete, being 2-1-(4). A schema is
shown in Figure 3.8d, (i). An alternative method of harmonising such a
2-1-(2) auxiliary is shown in the abstract of Figure 3.8d, (ii), whereby the
1 is harmonised by, on one interpretation, a V11, created by overlaying a IV
chord over the dominant bass. The central “IV + V” element of this form is
termed the “rock dominant” by Spicer (2004, p. 38), owing to its prevalence
(not just in auxiliary structures) in rock and pop songs. If Figure 3.8d, (i)
represents what might be termed the “Russian auxiliary” progression, then

Figure 3.8d, (ii) might be termed the “Rock auxiliary”.1%

105 This melody is based on the Russian folk song “Slava bogu” (“Praise to God [in the
highest]”) (Dearmer et al., 1928, 219, no. 107), used by Beethoven as a “Théme russe” in the
third movement of his String Quartet in E minor op. 59 no. 2 (“Rasumovsky”) of 1806, and by
Rimsky-Korsakov in his Overture on Three Russian Themes op. 28 of 1880.

6
106 Such parallel harmony over the dominant, here 3 chords, are also found in the piano writing
of Stravinsky’s Petrushka of 1911, for example b. 1 of the Russian Dance (Rehearsal no. 33). Iam
grateful to Nicholas Bannan (personal communication) for this point.
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Naturally these two variants (three, if Mussorgsky’s version is distinguished
from Tchaikovsky’s and Stravinsky’s) of the auxiliary museme —like the “Ger-
man”, “French” and “Italian” augmented sixth chords — have different aural/
phenomenological properties: their different note-structure, represented by
different notational symbology and explicable using different theoretical
terms, gives rise to different aural effects. While it is always difficult to use
verbal language to capture musical effects, there is something, to my ears at
least, very striking and singular about the Russian auxiliary. Even if cultural
familiarity did not perhaps lead us to associate it with such extra-musical
concepts as the onion domes of Saint Basil’s Cathedral, the incense of Rus-
sian Orthodoxy, or the chill of a Siberian winter, it would perhaps impress
itself upon our perception as something particularly vibrant and “colour-
ful”. Thus, it is potentially a good museme, because it inveigles its way into
our memories as something pleasurable to recall and savour. However it
arose — as a series of intersecting melodic schemata or as a distinct harmonic
phenomenon - it exemplifies perfectly the tendency of musical material to en-
gender its replication in direct proportion to its perceived/cognised salience,
whether this is assessed qualitatively or quantified objectively.

Of course, I have not quantified the prevalence of this museme, merely
hypothesised that it might be widely replicated in this repertoire, and possibly
in French music, from which Russian music drew extensively at this time.!"”
I'have done this on the basis of the cultural context of these three composers
and their use of a Russian folk melody (the direct source of Figure 3.8a) for
inspiration. Naturally, one could indeed conduct a quantitative survey —a
corpus-analytical investigation along the lines of that discussed in §3.4.1 -
searching a dataset of (usually symbolically) encoded music using a pattern-
finding utility such as the Humdrum Toolkit (Huron, 2002; Huron, 2022; see
also Velardo et al., 2016). But there is room also for the kind of qualitative
intuition represented by Figure 3.8 because in some ways it validates the
hypotheses on which memetics rests: if one knows a passage such as Figure
3.8b, then hearing Figure 3.8a and/or Figure 3.8¢, either for the first time or
on re-hearing, will perhaps “cue” one’s internal representation of the pattern,
adding the new instance(s) to the extant (internal representation of the)

museme allele-class.

107 T am grateful to David Fanning (personal communication) for this point.
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3.5.2 Musemic Hierarchies: Recursive-Hierarchic Structure-
Generation via Allele-Parataxis

As an observed principle of pedagogy, composition, improvisation and ana-
lysis, discrete musical patterns may combine in a variety of ways in order to
form longer musical sequences. In some musics, such as that based on the
Galant schemata of the eighteenth century, a relatively small repertoire of
clearly defined patterns combines in ways that are statistically predictable,
in a Markovian sense!® (Gjerdingen, 2007a, p. 372, Fig. 27.1). In other
traditions, the nature of the units is more variable, and the range of combina-
tions more extensive; but in presumably all musics there are certain more
or less statistically likely, or unlikely, juxtapositions. Such concatenation is
determined by two ostensibly opposing forces: the bottom-up attributes of
the constituent musemes, specifically how their initial and terminal nodes
(their first and last pitches) affect their patterns of (re)combination, what
might be termed their conglomerative grammar (Jan, 2010, p. 13); and the
top-down constraints of some structural schema, which, because such models
recur consistently in cultures, are themselves musemes, at a higher structural-
hierarchic level.

In terms of bottom-up forces, the harmonic and voice-leading attributes of a
museme fit it for playing a particular role in a larger-scale musical structure —
it might serve to modulate to a new key, to consolidate that key, or to fulfil any
one of a number of other such structural/functional roles. These functions
tend to occur in a specific order — a movement will not normally modulate in
its final bars, for instance — and so a span of music can be thought of as a series
of structural-sequential loci or nodes, each of which will tend preferentially to
be filled by members of a certain set of musemes that are all broadly similar
in their underpinning contrapuntal-harmonic and voice-leading framework,
but which might be somewhat different in their surface details. In this sense,
the set of musemes capable of occupying/instantiating a structural locus [
can be thought of as museme alleles (or “allomemes” (Durham, 1991, p. 194))
of each other — they form an allele-class of (so to speak) same-shaped but
different-coloured pegs that, by virtue of the first of these two properties,
can fit securely into the same hole — in the same way that the class of DNA

108 At its most basic, a Markov chain is one in which event n of a sequence determines the
range of options for event n+1 (§6.5.1.3).
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segments capable of occupying a locus I on a chromosome and controlling
the expression of some phenotypic characteristic are genetic alleles of each

other.10?

The phenomenon of structural-sequential locus-instantiation means that cer-
tain types of museme-sequence will tend, all other things being equal, to
recur, and certain others will not. As a consequence of this museme parataxis,
certain “higher-order” structures will be repeatedly reinstantiated, bottom-
up, from the recurrent patterns of “lower-order” museme concatenation.
These higher-order structures are capable — as types of memes (see below)
— of exerting a top-down regulatory role, by determining the nature and
sequence of structural loci and thus biasing the likelihood of an exemplar of
a particular museme allele-class appearing at a given locus. The interaction
between bottom-up and top-down forces is represented in Figure 3.9 (Jan,
2010, p. 14, Fig. 1).

A higher-order structure may arise in one of two ways:

e They may arise from the repeated (> 2 instances) recombination of (more
or less) the same lower-order museme-sequence. Such paratactic assemblage
of (broadly) the same set of musemes forms what might be termed a “real”
musemeplex.

109 Cope captures this idea with his notion of seemingly different “signatures” — formulaic,
often cadential, patterns — that may be regarded as allelically equivalent because, when their
embellishments are stripped away, their common structural core is revealed (2001, p. 48).
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e They may be reinstantiated by configurationally different but allelically equival-
ent (locus to corresponding locus) sequences (> 2 instances) of lower-order
musemes. Such paratactic assemblage of different but allelically equivalent

musemes forms what might be termed a “virtual” musemeplex.

That two passages might contain a variable-proportion mixture of the same
musemes and of museme alleles at each locus suggests that the real and
virtual types are actually end-points on a continuum, and not two mutually
exclusive categories. This proviso notwithstanding, the same higher-order
structure will arise in each category for > 2 instances of a given set of pattern-
combinations. Figure 3.10 gives examples of these two scenarios, with Figure
3.10a, 3.10b and 3.10c (after Jan, 2007, 86-90, Ex. 3.12) representing the first
(therefore showing a real musemeplex), and Figure 3.10d, 3.10e and 3.10f
representing the second (therefore showing a virtual musemeplex).

The higher-order structures schematised in Figure 3.10c and Figure 3.10f form
what might be termed — after museme and Ursatz — a musemesatz (Jan, 2010).
This is an abstract, replicated (therefore memetic) structure of loci/nodes and
their associated infill-types that, however represented, indexes a particular
configuration of pattern (re)combination. It is the outcome of the process
described by the somewhat unwieldy title of this section: recursive-hierarchic
structure-generation via allele-parataxis, hereafter abbreviated to “RHSGAP”
and represented in Figure 3.9. The process is recursive-hierarchical because
it is not necessarily limited to the illustrative two levels here: a “higher-order”
structure on a given level might, in combination with other structures at that
level, become a “lower-order” structure in relation to the generation of an
even more abstract structure at a yet higher level.

For this reason, it is not necessary to specify the number of levels in such
a hierarchy, or to fix them absolutely (as opposed to relativistically). What
matters is the underlying principle that a sequences of “level-1” musemes a +
b+ ¢ (or their alleles a” + b" + ¢"") might, for instance, generate a more abstract
“level-2” structure, ABC, which goes on to occupy the “a” (or the a") locus
of the next-higher, “level-3”, structure — and so on, ever “upwards”. Here,
levels 2 and 3 represent musemesétze, in a macrocosm of the microcosmic
process by which, in Narmour’s terms, sets of style shapes — the same or a
different set of shape-alleles for each structure-instantiation — assemble to
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generate a set of instances of the same style structure (1990, p. 34) (levels
seven and six, respectively, of Table 1.4).

Figure 3.10c and Figure 3.10f represent phrase-length examples of a
musemesatz, exemplifying in this case the common antecedent-consequent
pattern; but the concept can be extended to encompass more extended
section- and movement-length structures. In the latter cases, the musemesatz
loci may be instantiated not only by members of particular museme allele-
classes, as seen in Figure 3.10c and Figure 3.10f, but also by members of
particular musemeplex allele-classes. To illustrate the scope of this process
— the power of large-scale structure-generation via interactions between
bottom-up and top-down memetic forces — Figure 3.11 (Jan, 2010, 38, Ex. 8)
illustrates a significantly more extended musemesatz than that in Figure
3.10, showing a musemesatz — aligned with a more normative Schenkerian
Ursatz (Schenker, 1979) — common to three keyboard-sonata first-movement

expositions.!1?

While Figure 3.11 does not necessarily verify the assertions made in this sub-
section, these three movements offer suggestive evidence of its basic intuition:
that musical material cannot appear in a random order in a composition,
and that the tendency for what is essentially narrative (thus psychological)
coherence is the result of coevolutionary interactions between “natural” hu-
man perceptual-cognitive constraints, including those of memory, and the
“nurtural” evolution of musemes to optimise their survival by means of
cooperative alliances with other musemes in large-scale structures. This
cooperation presumably extends even beyond the scale of Figure 3.11, with
a movement-length musemesatz presumably being abstractable from (and
so operative in) a set of sonata-form movements, and therefore being able to
represent key aspects of the form’s configuration at a particular point in its
evolutionary history.

10 These movements are Haydn: Sonata in F major Hob. XVI: 23 (1773), I; Mozart: Sonata
in C major K. 279 (189d) (1775), I; and Beethoven: Piano Sonata no. 3 in C major op. 2 no. 3
(1795), 1.
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3.5.3 Improvisation and/as Composition

The model outlined in §3.5.2 is both synchronic and diachronic: it is syn-
chronic in the sense that it offers a means by which the detailed hierarchic
structure of a movement can be understood in terms of the memetic forces
that gave rise to it; and it is diachronic in that it offers an account of the
processes of music generation, in composition and improvisation. Well be-
fore the formalisation of Tinctoris’s distinction, made in the late-fifteenth
century, between componere (improvised music) and compositor (notated
music) (Dunsby & Whittall, 1988, p. 15), improvisation occupied a cent-
ral place in the world’s musical cultures. Indeed, it is perhaps only in the
post-Enlightenment West, with its fetishisation of the composer and of the
notation that preserves his or her masterworks immutably for posterity, that
compositor has attained (an increasingly unstable) primacy. The notionally
“pure” and unmediated nature of improvisation is complicated by the ex-
tent to which it draws upon culturally transmitted models of structure and
process. Thus, a third category, the transmission of common structures and
associated rhetorical schemata, elaborated and varied by (group) impro-
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visation, dominates many non-Western musical cultures. Yet the latter is
difficult to separate from “pure” improvisation, which, as will be argued
below, also draws upon inherited schemata. Given the similarity of many
“traditional” musical cultures to the hypothesised earliest human musics
(§2.5.5), the group-improvisatory embellishment of culturally shared and
valued (ritualistic) formulae is likely to have a long ancestry in our species.

Whereas composition might be regarded as a process in which musical ideas
organise themselves sequentially with the potential for subsequent reflective
revision (whereby certain musemes in the sequence may be replaced by
their alleles, or whereby the resultant/regulatory musemesatz may itself be
mutated), clearly there is no scope for such editorial (synchronic) rework-
ing in the real-time (diachronic) unfolding of an improvisation. Given this
difference, it is legitimate to ask whether the process of (solo) improvisation
operates broadly according the structural principles outlined in §3.5.2, or
whether it requires a fundamentally different theoretical model for its explic-
ation. My contention is that, given the nature of musemic replication, the
former is likely to be the case, despite the obvious complicating factors, in
improvisation, of the constraints of real-time decision-making processes and
the associated need to incorporate real-time sensory and motor feedback. It
is nevertheless perhaps more realistic to conceive these issues in terms of a
music-generative continuum, with composition and improvisation situated
at the extremes and various hybrid stages located in between, orientated
according to: (i) the degree to which prior planning and notation (or the lack
thereof) are factors in generation; and (ii) the structural-hierarchic depth of
the regulatory musemesitze — these being deep and all-encompassing in the
case of composition, and relatively shallow and time-contingent in the case

of improvisation.

To support this claim, I shall review Pressing’s (1988) model of improvisation,
arguably the most detailed extant formulation, which demonstrates certain
alignments with the RHSGAP model, at the same time offering a critique of
its most significant weakness: the lack of any notion of the role of replication
in moment-to-moment pattern selection as a key feature of improvisation as
much as it is of composition. Essentially, Pressing’s elegant model describes
improvisation in highly formalised detail, but does not fully explain the
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cultural-evolutionary processes underlying it. The heart of the model is
the concept of the “event cluster” (Pressing, 1988, p. 153). Represented in
Pressing’s quasi-mathematical notation by E, this is a self-contained (but
arbitrary length) section of an improvisation containing a number of musical
events. An improvisation is therefore a sequence of such event clusters, as
symbolised in Equation 3.1 (1988, p. 153).

I=E E...E, (3.1)

While the two terms do not map onto each other precisely, the E seems
broadly comparable to a museme or, depending on the extent of the E, to
a musemeplex. For Pressing, each E “may be decomposed into three types
of analytical representation: objects, features, and processes” (1988, p. 154).
Objects are a “unified cognitive or perceptual entity” (1988, p. 154); they
are, in my terms, a museme or a musemeplex. Features are “parameters that
describe shared properties of objects” (1988, p. 154); they are an enumeration
of the component elements (i.e., the “atomic” pitch and rhythm primitives)
of a (“molecular”) museme (level eight of Table 1.4), or the elements (i.e.,
the musemes) of a musemeplex (level seven). Processes are “descriptions
of changes of objects or features over time” (1988, p. 154); they represent
the musico-operational/procedural memes regulating intra-museme/mus-
emeplex element-connections. These three descriptors are represented using
“variable-dimension arrays O, F, and P” (Pressing, 1988, pp. 154, 156, Fig.
7.1), which map objects, features and processes against (somewhat arbitrary)
“cognitive strength” ratings (Pressing, 1988, p. 155). Pressing argues that

the fundamental nature of the improvisation process is ... the stringing
together of a series of ‘event clusters’ during each of which a continuation
is chosen, based upon either the continuing of some existing stream of
musical development (called here an event-cluster class [K]) by associ-
ation of array entries, or the interruption of that stream by the choosing
of a new set of array entries that act as constraints in the generation of a

new stream (new event-cluster class). (Pressing, 1988, p. 168)

These two modes of continuation — associative generation (itself divided into

similarity and contrast), and interrupt generation (Pressing, 1988, pp. 155—
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157) — differ according to the number of array (museme/musemeplex) com-
ponents changing from E; to E;;1, and the extent of the cognitive-strength
changes as quantified by their respective OFP arrays.

Pressing’s concept of the “event-cluster class” is analogous to the notion of
the musemeplex allele-class (§3.5.2), in that it makes diachronic what, in
memetics, is an abstract synchronic alignment; and it opens up the further
theoretical possibility of the musemesatz allele-class — the recurrent parataxis of
a set of musemes and/or musemeplexes (and/or their alleles) that engenders
a common underlying structural framework that is nevertheless elaborated
differently on each improvisation-instantiation. Thus, to summarise these
mappings between Pressing’s model and structures theorised in memetics,
an event equates to a museme or a musemeplex; an event cluster equates to
a museme-sequence or a musemeplex-sequence; and an event-cluster class
equates to a musemeplex allele-class or a musemesatz allele-class.

Pressing understandably encounters difficulty in theorising the details of
“how one continuation comes to be chosen over all other possible ones” (1988,
p- 164). He wraps this problem into two abstractions: “a set of current
goals”, symbolised by ¢; and the “referent”, R, which is “an underlying
piece-specific guide or scheme”, these being held in long-term memory, M,
for the duration of the improvisation. They are integrated in Equation 3.2,
which represents the “process of event-cluster generation” and, as the arrow
implies, event-cluster parataxis (1988, p. 153).

({E}L R, 9, M) — Eita (3.2)

In acknowledging that improvisation may be guided by “a vast panorama of
culturally and cognitively based musical processes and stylistic preferences”
(1988, p. 164), Pressing admits the role of schemata (R) in shaping generation
() (1988, p. 152). Some of these schemata are cognitive but, to a significantly
greater extent than in composition, others are motor: i.e., they are patterns of
motor-control memes and memeplexes, discussed in §3.5.4 under the rubric
of “gestemes” or “gesture-control memes”. As an illustration of the role of
schemata in improvisation, Pressing considers the work of Parry (1930, 1932)

and Lord (1964, 1965) on “formulaic composition” in folk epics, a genre that
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“is created anew at each performance by the singer from a store of formulas,
a store of themes, and a technique of composition” (Pressing, 1988, p. 146).

He argues that

[a] “formula’ is a group of words regularly employed under the same
metrical conditions to express a given essential idea; it has melodic,
metric, syntactic, and acoustic dimensions. By choosing from a repertoire
of roughly synonymous formulas of different lengths and expanding or
deleting subthemes according to the needs of the performance situation,
the experienced performer is able to formulaically compose (in real-
time, hence improvise) a detailed and freshly compelling version of
a known song epic. As a result of the composition system, instances
of pleonasm and parataxis are common.... In the words of Lord ...:
‘the really significant element in the process is ... the setting up of
various patterns that make adjustment of phrase and creation of phrases
by analogy possible” .... In addition, the permutation of events and
formulas may occur, as well as the substitution of one theme for another.
(Pressing, 1988, p. 146)

This account affords clear parallels, in a different medium of memetic replic-
ation, to the operation of the RHSGAP model in music: (i) the notion of “a
repertoire of roughly synonymous formulas” is equivalent to the idea of the
museme allele or musemeplex allele; (ii) the concept of “expanding or delet-
ing subthemes” is analogous to the modification, reordering, interpolation
or deletion of structural loci that drives musemesatz mutation; and (iii) the
“essential idea” corresponds to the musemesatz itself, generated by, yet also
regulating, the lower-level processes it subsumes. That the literary process
also appears analogous in several ways to musical improvisation —not least in
their real-time unfolding — allows us to hypothesise that common processes
of memetic conglomeration and structuralisation relate these realms, despite

their different media and dissimilar phemotypic manifestations.

Within the broad structural constraints imposed by a musemesatz, those
attributes of musemes and musemeplexes determining their parataxis affect
their compatibility with other musemes and musemeplexes in both memomic
and phemotypic forms. These factors partly decide which member of a
potentially locus-generating museme allele-class or musemeplex allele-class
is successful, vis-d-vis its rivals, in expressing that locus in any real-time
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instantiation of the improvisation’s musemesatz. Yet invoking the operation
of “formulaic composition” — or, in my terms, the RHSGAP model - in
improvisation, as in composition, arguably still does not fully account for the
“residual decision-making” of “how one continuation comes to be chosen
over all other possible ones” (Pressing, 1988, p. 164). Pressing advances
four hypotheses to explain the source of this continuity: “intuition”, “free
will”, “physicalism” and “randomness” (1988, p. 165). While the first can
be dismissed as mystical (or, more charitably, as devolving to the third
and/or fourth), the RHSGAP model aligns most closely with the third, while
admitting, in keeping with the precepts of the overarching VRS algorithm,
the role of the fourth. In physicalism,

complex decision making is seen to be an emergent property of the
fantastically complex physical system known as a human being, in in-
teraction with a series of environments. Free will in this perspective is
either illusory, or simply a somewhat misleading metaphor for certain

complex characteristics of the system. (Pressing, 1988, p. 165)

Recast in terms of the standpoint argued for in this book, physicalism sug-
gests that memomic musemes and musemeplexes are in a state of constant
competition for phemotypic expression — and thus for potential further rep-
lication — and therefore those that are most successful in this quest will,
self-evidently, prevail (this being the “tautology” referred to by Dawkins
in §1.6.2). Inherent in this is a tension between top-down and bottom-up
factors: in the former, a musemesatz, often only dimly apprehended by the
composer or improviser, “seeks” (in Dawkins’ rhetorical language of selfish
intentionality) to select those musemes or musemeplexes that will articulate
its structural loci; in the latter, musemes and musemeplexes, “aware” of this
constraint, “compete” with their rivals for the survival-enhancing benefits
such “victory” brings. One element of this success is a propensity for cooper-
ative interaction — coadaptation — between replicators, both synchronically
and diachronically. In summary, the sequential ordering of musemes and
musemeplexes, and the configuration of the resultant musemesatz, is argu-
ably less the product of conscious intentionality or agency on the part of
the composer or improviser and more an “emergent property” of blindly
algorithmic/mechanistic lower-level processes — Pressing’s notion of free will
as an illusion. Indeed, Pressing’s physicalism aligns closely with Dennett’s
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“Multiple Drafts Model” of consciousness, discussed in §7.3, which offers an
algorithmic view of consciousness in which intentionality is framed as an

illusion arising from the operation of the VRS algorithm.

3.5.4 Performance

The performance of music brings together a number of processes that can
be understood in the light of evolution. Performance (including improvisa-
tion and conducting, and extending to include dance and drama) obviously
utilises the body, and so depends upon, and illuminates, attributes — sens-
ory/perceptual, cognitive and motor — shaped by millennia of evolution.
Indeed, the evolutionary aspects of musical performance are predicated on
the principle that the spatial movements of an organism in relation to its
(geological) environment, or to another organism, are optimised to facilitate
the imperatives of gene-survival, namely risk-avoidance (evasion of pred-
ators and other environmental hazards) and reward-garnering (securing
shelter, food and mates). These have become hard-wired into brains so they
are accessible at a split-second’s notice. Such reflex actions modulate the
movements underpinning musical performance, which have become stylised
microcosms and re-playings of encounters and conflicts encoded into us in
our distant evolutionary past. These propensities are covered by Crewdson
(2010), who formalises them under the rubric of an “etiological perspect-
ive”. Essentially, for Crewdson, when we listen to music we are transported
back to our evolutionary prehistory, perceiving the virtual kinesis of music
in a way analogous to that deployed when we perceive the real kinesis of
an approaching predator or thunderstorm. Here, I attempt to apply this
perspective to the motor actions of performance.

While innate (evolutionarily wired) movements are often preferred in nature,
because they constitute optimum ways of quickly achieving certain physical
goals, other movements, particularly the fine-grained actions involved in
musical performance, are learned as specific motor skills, often as a result of
years of painstaking practise, and often in defiance of what the body finds
easy or natural.'!! Such learned body movements are types of memes or,

11 The popularity of such therapies as the Alexander Technique (Woodman & Moore, 2012)
among musicians testifies to the consequences of systematic deviation from natural body posi-
tions intrinsic to the mastery of certain instruments.
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rather, they are the phemotypic effects of memes. One might term them
“gestemes”, or “gesture memes” (see also Gritten & King, 2006; Gritten &
King, 2011). Like all other categories of meme, they are subject to the opera-
tion of the VRS algorithm, being varied in response to cognition or discovery
of different strategies for executing the gestures in question; replicated, via
visual and/or oral instruction from teacher to pupil or from peer to peer
(who might take the form of a recording), as part of a pedagogic interaction;
and selected according to their perceived utility and efficiency in rendering

the music in question.

Recent research in the study of recorded music has indicated how tempi vary
significantly within individual performances; and vary from performance to
performance of the same work by the same performer and from performer
to performer in the same work, over time; as have certain global baseline
tempi in some repertoires (Leech-Wilkinson, 2009a). This fluctuation might
be regarded as controlled, in part, by gestemes, which regulate the physical
tendency to move the hands and fingers more or less quickly, or to pivot the
torso in certain ways and in certain directions. One might also hypothes-
ise that gestemes are coadapted with the musemes that code for the music
performed, whether these are primarily score-based, as in the performance
of notated music; or largely brain-based, as in the creation of improvised
music (§3.5.3). Performance thus appears to rely on an interplay between
culturally transmitted sound patterns (musemes) and culturally transmit-
ted gesture patterns (gestemes); and a memetics of musical performance
should therefore attempt to determine how this interplay functions and to
understand how the evolutionary pressures affecting each domain reinforce
or contradict each other.

Two questions arising from the issue of tempo-fluctuation are: (i) is such
rubato the consequence of some attribute of musemes that might motiv-
ate intra-museme tempo changes (thus, are gestemes created in part by
musemes);'1? and (ii) if so, once this tendency is realised in one performance,
can the effect be consolidated, indeed augmented, on its cultural transmis-

sion to other performers by the synergy between the relevant museme(s)

12 While the term “rubato” is often applied in a narrow sense to the performance of certain
nineteenth-century piano repertoires, I am using it here more broadly, to refer to any deviation
from “metronomic” tempo.
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and the newly associated gesteme(s)? Extending this, if the attributes of
musemes do motivate tempo changes, then presumably these might be co-
ordinated when musemes assemble to form a musemeplex, engendering a
parallel gestemeplex. Moreover, if a musemesatz is generated by the tendency
of members of certain museme and musemeplex allele-classes to instantiate
the structural-sequential loci of a movement (§3.5.2); and if members of each
of these allele-classes are potentially coadapted/coaligned with members
of allele-classes of gestemes; then a higher-order sequence of gestemes will
arise, which might be termed a gestemesatz.

One might hypothesise that such gesteme-generating museme tempo fluc-
tuations are driven partly by innate (natural) forces and partly by learned
(nurtural) forces, in complex interactions. In the former category, the effect is
partly the result of image-schematic factors (§4.2, §4.5) and partly the result
of the I-R forces illustrated in Figure 3.7 (see also Narmour (1990, 1992)).113
In the case of image-schematic factors, a quasi-gravitational force operat-
ing in three-dimensional musical “space” upon the metaphorical “mass”
of the constituent musemes might be assumed to affect certain aspects of
their tempo. In the case of I-R forces, the various implications intrinsic to a
museme might be understood to impel the tempo forward, whereas both

realisations and frustrations might conceivably act to retard the tempo.

The operation of these natural, and certain nurtural, factors is summarised
in the following two-part list. Beyond being incomplete (there are presum-
ably many more factors affecting the dynamics of performance than are
identified here),'* this list is clearly over-simplistic, because: (i) the two
domains cannot be entirely separated (the learned stabilities of pitch and
rhythm hypothesised in the second part are underpinned by natural pre-
dispositions shaped by acoustic and morphological regularities); and (ii)
multiple factors within and between each category may reinforce and/or
contradict each other in complex ways (nature is modulated by nurture, and

113 The empirical testing of the I-R model in relation to performance is not advocated in the
“twenty experimental questions suggested by the Implication-Realization Model” (there are
actually twenty-one questions listed) that form the conclusion of Narmour (1990, pp. 418-423).

114 These factors include, but are not limited to, the intrinsic constraints of musical instruments,
such as the need, on many “non-pretuned” instruments, to hesitate/elongate whilst a pitch is
consolidated (Nicholas Bannan, personal communication), an effect that might potentially trans-
fer to other (“pretuned”) instruments via a player’s familiarity with both types of instrument,
or even via hearing this effect.
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vice versa). Moreover, the effect ascribed to a particular cause might be mani-

fested prospectively (in anticipation of the cause) or retrospectively (after the

cause has been processed in cognition). This distinction itself relies upon the

difference between sight-reading and performance based upon practise and

reflective engagement. In the “natural” sub-list, “IS” symbolises situations

where (innate) image-schematic factors are hypothesised to be dominant;

“IR” symbolises situations where (innate) implication-realisation forces are

hypothesised to be dominant; and combinations of these symbols indicate

that the tempo-altering effect results broadly from a synergy (“IS+IR”) or a
conflict (“IS-IR”) between them.

1. Natural; primarily genetically transmitted factors:

(a)

(b)

(c)

(e)

If a museme segment or museme-museme interface is moving down-
wards in pitch, there may be a tendency to acceleration, in terms of
shortening of inter-onset interval (IOI) and/or offset-to-onset interval
(OQI) (Temperley, 2001, p. 68) (IS).

The effect of point 1a may be augmented if the museme articulates a
[P] (IS+IR); and it may be diminished or counteracted if the museme
articulates a [R] (IS-IR).!"®

If a museme segment or museme-museme interface is moving upwards
in pitch, there may be a tendency to deceleration, in terms of lengthening
of IOI and/or OOI (IS).

The effect of point 1c may be diminished or counteracted if the mus-
eme articulates a [P] (IS-IR); and it may be augmented if the museme
articulates a [R] (IS+IR).

If a museme segment or museme-museme interface encompasses a de-
crease in note-length (e.g., from crotchets to quavers, or from “straight”
quavers to triplet quavers), there may be a tendency to acceleration that
exceeds the “measured” acceleration governed by the note durations

(IS).

15 To restrict this consideration to [P] and [R] is clearly to oversimplify Narmour’s (1990)
complex theory, but it nevertheless gives a flavour of how it might be applied to this issue. See
also Jan (2007, pp. 129-133, Tab. 4.1).
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(f) The effect of point 1le may be augmented if the museme articulates a
[P] (IS+IR); and it may be diminished or counteracted if the museme
articulates a [R] (IS-IR).

(g) If a museme segment or museme-museme interface encompasses an
increase in note-length (e.g., from quavers to crotchets, or from triplet
quavers to “straight” quavers), there may be a tendency to deceleration
that exceeds the “measured” deceleration governed by the note durations
Is).

(h) The effect of point 1g may be diminished or counteracted if the mus-
eme articulates a [P] (IS-IR); and it may be augmented if the museme
articulates a [R] (IS+IR).

(i) The octave may have a multivalent effect, sometimes increasing and some-
times decreasing tempo depending on the context. Rising octaves might
impel a sense of “momentum-building” to surmount the “height” of the
octave, whereas falling octaves might call upon a “precipice-avoiding”

steadiness (IS).!¢

2. Nurtural; primarily memetically transmitted factors related to style-specific

aspects of scale and chord degree and to metrical/rthythmic position:

(a) There may be a tendency to decelerate around/into relatively stable chord-
notes (the root, third or fifth) of the locally prevailing triad.

(b) There may be a tendency to accelerate around/into relatively unstable

non-chord notes sounding in conjunction with the locally prevailing triad.

(c) There may be a tendency to decelerate around/into relatively stable scale

degrees (i, 3 and 3) and/or triads (Ili, IVliv, vi[lVI and V versus Iglig) of

the locally prevailing key.]17

116 Narmour argues that, in terms of I-R theory, inexperienced listeners hear the octave as
a large interval, implying prospective [R]; whereas experienced listeners hear it as a register
transfer (i.e., as the “same” note), with the option of perceiving it as a retrospective [ (R)] (1990,
p. 234).

117 Despite the ostensible stability of the tonic, Rosen gives an example (bb. 23-28 of the first
movement of Beethoven'’s Piano Concerto no. 4 in G major op. 58 (1807)) where rhythmically
accelerating tonic-dominant alternations mean that Beethoven “turns this most consonant of
chords ... into a dissonance. ... almost by rhythmic means alone ..., the tonic chord of G major
in root position clearly requires a resolution into the dominant” (1997, pp. 387-388; emphasis in
the original).
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(d) There may be a tendency to accelerate around/into relatively unstable
scale degrees (2, 4, 6 and 7) and/or triads (Igliz‘i, iiliio, iii|IlI, V|v and
viio|VII) of the locally prevailing key."®

(e) There may be a tendency to decelerate around/into rhythmically strong/

4 3
accented beats (beats 1 and 3 of a 4 bar or beat 1 of a 4 bar).

(f) There may be a tendency to accelerate around/into rhythmically weak/

4 3
unaccented beats (beats 2 and 4 of a 4 bar or beats 2 and 3 of a 4 bar).'"’

(g) There may be a tendency to decelerate at phrase and sub-phrase endings
(followed by a compensatory acceleration at the start of the following
phrase or sub-phrase), this motivated in part by the (learned) closural
force of imperfect or perfect cadences.

(h) There may be a tendency to return (via acceleration or deceleration) to
the original tempo of a museme on its return, if the tempo immediately

preceding the point of return has decreased or increased.

To illustrate how these factors might operate, a passage from Chopin’s
Mazurka in F minor op. 7 no. 3, shown in Figure 3.12a, will be examined.
One outcome of the Mazurka Project (CHARM, 2019b), conducted under
the aegis of the CHARM Research Centre (CHARM, 2017), was analyses
of recordings of this mazurka performed by Ignaz Friedman, made in 1930,
and by Charles Rosen, made in 1989, which graphed beat-to-beat tempo
fluctuations (CHARM, 2019a; see also N. Cook, 2007a). The graphs of bb.
9-17 of these recordings are shown aligned in Figure 3.12b.!% This phrase
is chosen for analysis here over bb. 1-8 owing to the greater variety and
movement of the later material — it is the main melody, compared with the
more static introductory material of bb. 1-8 — which motivates more diversity
in tempo than bb. 1-8. In the graphs, red dots indicate the beginning of the

118 The status of chord V is problematic in that, despite being a major triad situated in close
(psycho)acoustic proximity to the tonic, it is often (contextually) relatively unstable in many
styles.

119 Points 2e (decelerate around strong/accented beats) and 2f (accelerate around weak/
unaccented beats) may reinforce points 2c (decelerate around/into relatively stable degrees)
and 2d (accelerate around/into relatively unstable degrees) in this list, respectively, because
there appears to be a correlation between the use of triads I, IV and V on strong beats and triads
iiliio, 1ii|lIl, vi|VI and viio|VII on weak beats (C. W. White, 2017).

120 Perhaps more than most other composers, the works of Chopin exist in numerous versions
(many sanctioned by the composer) and associated editions, so Friedman and Rosen may have
been playing from different editions (N. Cook, 1998, pp. 84-85).
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first beat of each bar and the following two blue dots indicate the beginning
of the second and third beats, representing beat-onsets equidistantly on the
x axis (the upper x-scale counts bars, the lower counts beats). Because of the
tempo fluctuations, beats are not located equidistantly in performance: the
position of the dots on the y axis represents the measured tempo of the time-
slice demarcated by a beat, the left-hand scale representing beat-duration
in milliseconds (ms) and the right-hand scale in beats per minute (BPM).
Note that the layout of these scales means that the lower the dot on the graph,
the faster the tempo, and vice versa. The various lines connecting the dots
represent data from listener tempo-tapping trials that, being estimates of
tempo (unlike the measurement-related dots), are not directly relevant to
present concerns.

The intra-museme tempo fluctuations within and between bb. 9-17 of these
two recordings are summarised in Table 3.3. While bars are not always ne-
cessarily coterminous with musemes, bar lines here do indeed demarcate
perceptually-cognitively salient (melodic) units, and therefore can be taken
as markers of initial and terminal museme-nodes.'?! Table 3.3a shows the
antecedent phrase (bb. 9-12) and Table 3.3b shows the consequent phrase
(bb. 13-16). The two-bar sub-phrases within each phrase are separated
by double lines. The table also takes inter-museme tempo fluctuations into
account, which occur in the context of the closural force of the musemes’
terminal node (see the rows for bb. 9-10, bb. 10-11, etc.). The assessed
magnitude of beat-to-beat tempo change is represented by “S” = small; “M”
= medium; and “L” = large. Nevertheless, at times, it is not always easy
to distinguish between equal- and small-, and small- and medium-sized
changes. The direction of tempo change from beat to beat is indicated by

”

“1” = acceleration; “|” = deceleration; and “=" = no significant change. An
ellipsis (...) separates observations pertinent to the beat 1-beat 2 span from
those pertinent to the beat 2-beat 3 span within a given bar/museme. Signi-
ficant cross-recording overlaps of tempo-profile between parallel musemes

or museme components are indicated in bold.

Number/letter combinations in brackets refer to those hypotheses in the list

on page 216 judged most relevant to explain the observed tempo variation,

121 This analysis focuses on the melodic line, while acknowledging that the arpeggiated left-
hand accompaniment may have a potential (dragging) effect on the tempo in places.
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(b) Tempo Graphs of bb. 9-17: Friedman 1930 (upper); Rosen 1989 (lower).

Figure 3.12: Two Performances of Chopin, Mazurka op. 7 no. 3 (1830-1832),

bb. 9-17.
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adopting the most parsimonious interpretation in each case.'”> Sometimes
these require nested brackets in order to clarify the combination of factors,
thus demarcating combinations from the relationships between the combined
forces and some other force or set of combined forces. For these higher-order
relationships, a plus (“+”) sign indicates synergistic augmentation, or con-
trastive neutralisation, of two factors or combination of factors; whereas the
separator “>" indicates that, in the case of contradictory factors or combina-
tions of factors, the former is judged to outweigh the latter in any particular
instance of tempo change. If there is a change of tempo direction within a
bar (an increase followed by a decrease, or vice versa), hypotheses pertinent

to each are separated by an ellipsis.!??

122 Assigning a hypothesis to the equals sign (i.e., no significant tempo change at that point)
is often problematic. In some cases, it represents a moment of stasis before a continuation of the
tendency (acceleration or deceleration) represented by the immediately preceding symbol. In
other cases, it is an apex point, before a subsequent movement in the opposite direction to that
represented by the immediately preceding symbol (acceleration following deceleration or vice
versa).

123 In keeping with the principle of parsimony just outlined, not every possible hypothesis
(and its opposing hypotheses) is enumerated as an explanation for each observation. The reader
will hopefully be able to identify the nurtural opponent(s) to a given natural force, and vice
versa.
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Phrase, Bar Friedman 1930 Rosen 1989
9 Lt...S?1 M+t...S1%
(1d > 1¢) (1d > 1¢)
9-10 S t(la + 1b + 1e + 1f + 2b)
10 M|.. M? M{.. =
((1g > 1h) + ((2a + 2c) > 2f) ((1g>1h) + ((2a + 2c) > 2f)
... i) ... 1i)
10-11 S| St
(2g) (1e)
11 =...5] S}...S51%
(le>1d... 1le>1d) (1c... 1d > 1¢)
11-12 S+t M+
(1e) (le + 1f)
12 =...5] M|...S|
((2a+2c) > (la+1b) ... ((1g +2a+2c) > (la + 1b)
(2a + 2c) > (1la + 1b)) ... (2a+ 2c) > (la+ 1b))
12-13 St S|
(1la + 1b) ((2a +2c +2e) > (la + 1b))

(a) Bars 9-12.
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Phrase, Bar Friedman 1930 Rosen 1989
13 St...54 M7tT... =
(1d>1c... 1c>1d) (1d>1c... Ic>1d)
13-14 St —
(la + 1b + le + 1f + 2b) (2e > (la + 1b))
14 MJ... = Sl...=
((1g > 1h) + ((2a + 2c) > 2f) ((1g>1h) + ((2a + 2c) > 2f)
.. 2f> (1c+1d)) ... 2f> (1c 4+ 1d))
14-15 = Sl
(1i > 1a) (1a > 1i)
15 M1t...S] St... =
(1d>1c... 2c¢>2d) (1d>1c... 2¢)
15-16 Sl M|
(2a + 2¢) (2a + 2c + 2e)
16 =...LJ} St...LJ}
(2c+2d... (2d ...
2g > (le +2b + 2d + 2f)) 2g > (le + 2b + 2d + 2f))
16-17 L 1(2h)

(b) Bars 13-17.

Table 3.3: Intra- and Inter-Museme Tempo Fluctuations in Chopin, Mazurka
op. 7 no. 3, bb. 9-17.
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There is a good deal of data in Table 3.3, and, perhaps unsurprisingly, some of
it is contradictory. For one thing, identical figures are not always performed
in the same manner, even by each pianist, as in the case of b. 9 and b. 13,
especially in Friedman’s recording. Nor, indeed, are analogous figures, such
asb. 9andb. 11, rendered similarly, again particularly in the case of Friedman.
More broadly, justifying the relationships posited in Table 3.3 between the
tempo data and the hypotheses in the list on page 216 is beyond the scope
of this chapter, so three examples from Table 3.3 must suffice for particular
mention. These are outlined below:

1. Inb. 9 of both recordings there is an acceleration, L 1 (Friedman)/M 1 (Rosen)
... S7. This suggests the counteraction of the potential deceleration motivated
by an ascent (point 1c) by the countervailing “energy” of the [P] (point 1d).
The museme in b. 9 ends with a (prospective) Intervallic Process ([IP]) (Nar-
mour, 1990, p. 350), not with a [R]. Assuming it would have a tempo-mediating
effect, albeit one weaker than a [R], the [IP] occurs after the start of the third
beat of the bar, and so appears not to factor into the tempo calculation. Apropos
points 1b, 1d and 1f, only [R]s where the change-of-direction note is the second

or the fourth quaver (in 4 time) are likely to affect the intra-bar tempo, unless
there is in play the prospective cognition referred to on page 216. The effect
of a [R] or an [IP] might be evident, however, on inter-bar/museme tempo,

although this is not relevant in the case of bb. 9-10 here.'**

2. Comparison of the analogous b. 10 and b. 14 shows illuminating differences.
In Friedman, both bars decelerate into the second beat, perhaps motivated by
the “trumping” by note-length increase (point 1g) of [P]-motivated accelera-
tion (point 1h); and by the combined domination of harmonic stability factors
(points 2a and 2c) over rhythmic factors (point 2f). Bar 10 has a compensatory
acceleration on the f'—f* ascent, whereas b. 14 has no change on the analogous
f'—c? ascent. The former (octave) change might be the result of image-schematic
“aspirational” forces (point 1i), whereas the latter (fifth) change might be the
result of the trumping by accelerative rhythmic forces (point 2f) of the deceler-
ative [R]-related forces here (points 1c and 1d), this conflict motivating not an
acceleration but tempo stability here. In Rosen, b. 10 also has a deceleration
in the same place as Friedman (presumably motivated by the same factors),

but no compensatory acceleration on the f'~f* ascent; whereas b. 14 has a

124 While many factors may break a sound-stream into discrete musemes — thus turning two
adjacent pitches into initial and terminal museme nodes, respectively — often this juncture, and
the resulting museme-parataxis, is articulated by I-R forces. See Jan (2010, pp. 19-22).
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small deceleration (perhaps arising from weaker action of the forces attendant
upon the Friedman segment) and, like Friedman, no change on the f'-c? as-
cent (presumably motivated by the same factors). The significant difference
in connection with the octave leap of b. 10 might be the result of the issues
discussed in note 116 on page 217, with Friedman being motivated primarily
by image-schematic factors and the arguably more cerebral Rosen hearing it as

the “same” note owing to “Narmourean” octave-equivalence.

3. There is a large deceleration at the end of b. 16 in both recordings (they are
the largest tempo changes in Figure 3.12b), followed by an acceleration into
b. 17."® This deceleration suggests a strong (nurtural) phrase-ending effect
here (point 2g), one that contradicts the (natural) implication of accelera-
tion on rhythmic diminution (point 1le), even in the absence of any (natural)
acceleration-inhibiting [R] here (point 1f). The deceleration would also ap-
pear to overrule the (nurtural) tendencies to accelerate around/into relatively
unstable non-chord notes (point 2b), around/into relatively unstable scale

degrees and triads (point 2d), and around/into weak beats (point 2f).

Constraints of space in this section have prevented my developing a fully
developed evolutionarily grounded theory of musical performance. A few
suggestive conclusions have emerged, although these need to be evidenced
more substantively, perhaps using large-scale computer-aided correlation of
tempo-fluctuation data with museme-contour analysis. Given the multipara-
metric nature of music, and the complex mixture of natural and nurtural
factors involved in its performance, what are clear behavioural trajectories
in the realm of biological actions often become entangled in musical per-
formance. As a result, and in a parallel to the particulate nature of genetic
inheritance, one might paraphrase Dawkins and suggest that “[t]his does not
mean that the [natural and nurtural factors] concerned are not [discrete and |
particulate. It is just that there are so many of them ..., each one having such
a small effect, that they seem to blend” (1989, p. 195; emphasis in the original)
when combined in the heat of the performance situation. Nevertheless, it
seems the case that both biologically evolved patterns of physical movement
and culturally evolved habits of nuancing those patterns play a significant

role in shaping musical performance.

125 The word “rubato” appears in b. 17 of the first edition and in subsequent editions, which
might imply a suggestion to return to the baseline tempo towards the end of, rather than at the
beginning of, b. 17, but which Friedman and Rosen, with their rapid return to the previous
tempo-range at the start of b. 17, do not take up.
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3.6 Music-Cultural Taxonomies

The discussion of taxonomy in §1.7 considered not only the great diversity of
the natural world - as evidence by the number of taxonomic ranks (Table 1.5)
and their internal richness — but also the conflicting views among biologists as
to how sense might be made of this heterogeneity by systems of categorisation.
As an approach that seeks strictly to trace evolutionary relationships, using
the evidence of molecular biology as a validation of apparent connections
suggested by morphological resemblances, cladistic taxonomy (§1.7.2) is
arguably the optimal way of mapping the operation of Darwinism in nature.

On the logic of Universal Darwinism, cladism would appear also to be the
optimal way of charting the operation of Darwinism in culture. Here the as-
piration — one well beyond the scope of this book — would be the formulation
of a complete taxonomy of human (and potentially animal and machine)
culture to rival that assembled by biologists for the natural world (Jan, 2014,
sec. 6). That this would in principle be possible — that there is an intrinsic
connection between biological and cultural taxonomies — was recognised
by Darwin, when he observed the similarities between language families
and human genealogy. In a passage in which “musics” might readily be
substituted for “languages”, he argued that

[i]t may be worth while to illustrate this [dendritic] view of classification,
by taking the case of languages. If we possessed a perfect pedigree of
mankind, a genealogical arrangement of the races of man would afford
the best classification of the various languages now spoken throughout
the world; and if all existing languages, and all intermediate and slowly
changing dialects, had to be included, such an arrangement would, 1
think, be the only possible one. Yet it might be that some very ancient
language had altered little, and had given rise to few new languages,
whilst others (owing to the spreading and subsequent isolation and
states of civilisation of the several races, descended from a common
race) had altered much, and had given rise to many new languages
and dialects. The various degrees of difference in the languages from
the same stock, would have to be expressed by groups subordinate to
groups; but the proper or even only possible arrangement would still
be genealogical; and this would be strictly natural, as it would connect

together all languages, extinct and modern, by the closest affinities, and
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would give the filiation and origin of each tongue. (Darwin, 2008, p. 311;
see also Sereno, 1991, pp. 471-472)'%

Thus, a cladistic orientation appears to be the most logical basis upon which
to develop music-cultural taxonomies, given the concern of memetics with
the operation of the VRS algorithm at several structural-hierarchic levels and
across various interconnected geographical domains over time. The most
obvious musical implementation of cladism, and a good model for a more
thoroughgoing cladistic memetics, is the tradition of musical text-criticism,
one of the most venerated elements of the “old” musicology. Deriving
from palaeography and classical philology, it offers a highly systematic and
formalised methodology based on transmission and mutation for uncovering
the filiation, as Darwin would say, of pieces, particularly music in manuscript
sources, and for generating its own form of taxonomic trees, stemmata (Grier,
1996, Ch. 3).

While it is clear what are the significant taxonomic units of biology — of the
levels discussed in §1.7, the most important from a cladistic perspective is
arguably the species — it is not so clear what are the significant taxonomic
units of culture. This ambiguity is the result of fundamental differences
between the dynamics of biological and cultural evolution, and of the enorm-
ous variety of forms sustained by culture — both of which result from key
mechanistic differences. For the former factor, and in biology, there is a clear
separation between replicators and vehicles (§1.6.1); and the associated con-
straints of a fixed life-cycle (whatever its length) mean there is a clear thythm
of generations resulting from the time-lag between birth and the readiness
of the vehicle to reproduce. In culture, no such rhythm occurs, and cultural
replicators can be copied rapidly and “arhythmically”. In short, this is the
difference between the primarily periodic, “vertical” (parent-to-offspring)
nature of biological transmission versus the primarily aperiodic “horizontal”
(peer-to-peer) nature of cultural transmission.!?” “Oblique” transmission is
sometimes used to refer to intergenerational transmission between adults and
(unrelated) children, and is a significant mode of transmission in musical cul-

126 A dendritic diagram, the only illustration in the Origin, is given in Darwin (2008, p. 90).

127 In some traditional societies, much of culture is transmitted vertically, from parent to
young adult, and this is certainly true for early-years enculturation in most societies; but it
is not the norm in technologically advanced societies, where children generally assimilate
culture-fragments from peers from a relatively early age.
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ture, as well as in most other formalised educational systems (Shennan, 2002,
pp- 48-51; see also Blute, 2006, pp. 156-157). For the latter factor, the absence
in cultural evolution of a mechanism connecting replicators deterministically
with vehicles analogous to that - DNA-mediated protein-synthesis — in bio-
logical evolution leads to the relatively unconstrained diversity of cultural
phemotypes, as against the relatively constrained uniformity of biological
phenotypes.

When pursuing the application of taxonomy to memetics, it is necessary to
consider correspondences between comparable levels of the nature-culture
analogy hypothesised in §1.6.2. As illustrated in Table 1.4, there are four
main levels to the analogy. At the highest level, the correspondence operates
between biological species and cultural dialects (Meyer, 1996, p. 23) (level
three); below this, groups within a species might be mapped onto idioms
(particular composers” styles (Meyer, 1996, p. 24)), genres, and formal-
structural types (level four); at a still lower level, the equivalence is arguably
between the individual organism and the individual movement or work
(level five); and at the lowest level one might compare operons/genes with
m(us)emeplexes/m(us)emes — I conflate levels six and seven of Table 1.4
here, given their structural and functional similarities.’?® At which of these
culture-hierarchic levels might one most appropriately develop methodolo-

gies for a music-memetic taxonomy?

In the case of the approach mentioned above, the stemmata of musical text-
criticism, the object of investigation and classification is usually the work,!?
which equates to the individual organism in biology. Clearly this is too low
a level for biological taxonomy, which generally regards species (= dialect)
— together with (sub)species, varieties, or other such “infraspecific” taxa — as
the lowest manageable units of classification; and it does not appear useful
for cultural taxonomy either, for there is arguably no meaningful sense in
which a work can be equated to a parent lineage that bifurcates to create
child lineages, even though particular works may well serve as inspiration,
models even, for the efforts of later composers.

128 In the quotation on page 226, Darwin equates a language with a “race”, i.e., a group within
a species.

129 Tam using this term here in its broadest, least historically and aesthetically /philosophically
loaded sense (Goehr, 1992).
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Mappings at the four levels are discussed in the following. Further implica-

tions of this issue are explored in §4.3.1.

3.6.1 Species-Dialect

In biology, cladistic-taxonomic discussion is primarily focused on the phe-
nomenon of speciation, which might find its analogue in culture in the
breaking-off of separate and distinct “child” dialects from a “parent” dialect.
While this is a central area of cladistics in biology, the picture is somewhat
more mixed in culture. Much depends upon how a dialect is defined: the
options broadly devolve to some combination of the geographical/“hori-
zontal” /synchronic (“Viennese Classicism”, “the Mannheim School”); and
the chronological/“vertical”/diachronic (the “style of the 1780s”). Nev-
ertheless, music-cultural dialects have considerably greater musemic and
configurational diversity than the potentially analogous genetic and mor-
phological consistencies that are required for the determination of species:
members of a species must manifest certain genomic and phenotypic regu-
larities, which both result from and facilitate gene replication, regularities

that are not required for the propagation of musical dialects.

For cultural speciation to occur, dialects require cultural-ecological “niches”
within which potential child dialects could arise and flourish. The studies
of bird-song transmission in §5.4.1 suggest that this can, in principle, be
engendered by geographical separation and, certainly before the twentieth
century, the predominant concentration of music in urban centres meant
that distinct geographical dialects, each drawing upon their own subset of
a wider museme pool, could survive and flourish. As an example, while
there was a generic European Galant style, distinct French, German and
Italian “subspecies” coexisted, each with its own subtle variants on standard
practices (Heartz, 2003). Nevertheless, it seems that the force of the species-
dialect mapping is primarily as a verbal-conceptual memeplex (i.e., it is
metaphorical; §4.3.3), and not directly music-memetic.

3.6.2 Group-Idiom/Genre/Formal-Structural Type

The nearest cultural equivalent to cladistic taxonomy’s study of speciation
might be found in the study of evolving musico-structural types and categor-
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ies within and across dialects — examples include the evolution of binary-
form dance genres over the seventeenth and eighteenth centuries, and that
of the various types of sonata forms and their associated multi-movement
sequences over the eighteenth and nineteenth centuries — which corresponds
with the group of organisms in biology. This of course breaks the level-
mappings of Table 1.4 — which is not intended to be regarded as absolute and
immutable — aligning level three in nature (species) with level four in culture
(idiom/genre/formal-structural type). But given that a sub-group can form
the basis of a new species, and given that the distinction between species and
sub-species is not always clear, then the evolution of these particular cultural
categories, might constitute a meaningful field for cultural taxonomy. As
an example of potential bifurcation at this level, the often “monothematic” —
or “P[rimary theme]-based S[econdary theme]” (Hepokoski & Darcy, 2006,
pp- 135-136) — sonata movements of Haydn, for instance, might be regarded
as a different branch to the often “bithematic” practice of Mozart and Beeth-
oven. But — at the risk of oversimplifying a complex range of practices (there
are various hybrid types) — the fact that Haydn also wrote bithematic sonata
forms muddies these particular waters and separates this candidate cultural

example of speciation from the more clearly demarcated lineages of biology.

3.6.3 Organism-Movement/Work

Cladistic taxonomy only considers individual organisms as tokens of the
type represented by the species, recognising that to categorise them on an
individual basis is meaningless in taxonomy (but not necessarily so in other
domains of biology). The same holds true in culture: movements and works,
as analogues of organisms, are tokens of higher-order categories, not types
in themselves; and attempting to treat them cladistically, as akin to species,
would again break the level-mapping of Table 1.4 by aligning, in this case,
level three of nature with level five of culture. As argued in the discussion of
the unit(s) of selection in §1.6.2, musemes, not whole works, are transmitted
from composer to composer. There is therefore no sense in which a work
itself is subject to the operation of the VRS algorithm: this mechanism applies
only to (some of) the musemes that constitute a work. Thus, it applies only
indirectly, via bottom-up forces, to the idioms, genres, and formal-structural

types that a work tokens. Nevertheless, the attributes of these level-four
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categories might additionally be shaped via the action of musico-operational/

procedural memes.

3.6.4 Operon/Gene-M (us)emeplex/M(us)eme

Most cultural change at the dialect (= species) level is perhaps due less
to the geographical and/or chronological bifurcation of child dialects than
to the evolution of the system itself brought about by internal musemic
mutation, an issue covered more fully in §7.5. Some biologists assert that
the ultimate driver of evolution is gene selection, yet this is always mediated
by interactions between phenotypes and environments. While this probably
also holds true for culture, measuring the effects of interactions between
phemotypes and environments — human perceptual-cognitive constraints
acting in conjunction with effects arising from the wider culture — is difficult,
whereas measuring m(us)eme-level change is more feasible. In this sense,
the level equivalent to that of the gene — the m(us)eme —is arguably the most
tractable for cultural taxonomies. At this level, however, the configuration of
a gene-pool is, strictly, the province of population genetics, not of taxonomy;
and mutation, not evolution, is the appropriate concept when considering its
reconfiguration (because genes mutate whereas species evolve). Similarly, a
study of the constituents of a m(us)eme pool - a classification of antecedent
forms and their mutational descendants in terms of their spatio-temporal
position on what would be a vast tree of transmission relationships — is one
that falls, strictly, within the purview of population memetics, even though
one might ostensibly conduct it under the rubric of a memetic taxonomy.

Cope’s concept of the lexicon is pertinent to this issue (Cope, 2001, p. 94;
Cope, 2003, p. 20; Jan, 2016¢). While he does not explicitly invoke memetics,
a lexicon is essentially the outcome of assigning museme alleles — a set of
structurally /functionally analogous musemes any of which might occupy a
particular locus in an instantiation of a specific structural archetype (§3.5.2)
— to their parent museme allele-class. Lexicons impinge on Cope’s work in
computer-generated composition — most notably in his Sorcerer and Experi-
ments in Musical Intelligence (EMI) systems (§6.5.1.1) —in that a member of a
given lexicon can be inserted interchangeably with other lexicon-members
into a specific position in a composition, thus reconciling high levels of
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pattern richness with algorithmic parsimony. Mattheson suggests that com-
posers perform such museme allele-class assignment semi-automatically. He

advises that

[t]hese particulars must not be taken so strictly that one would perhaps
write down an index of like fragments, and, as is done in school, make a
proper invention box out of them; but one would do it in the same way
as we stock up a provision of words and expressions for speaking, not
necessarily on paper nor in a book, but in one’s head, through which our
thoughts, be they verbal or written, can then be quite easily produced
without always consulting a lexicon. (Mattheson & Harriss, 1981, p. 284,
para. 17)

This indexing of “like fragments” is a function of the sophisticated sort-
ing and comparison powers of the human brain to group patterns that are
similar according to various criteria, and operates both consciously and un-
consciously. It is argued in §3.8.4 to be a function of the “hashing” formalised
in Calvin’s Hexagonal Cloning Theory, whereby shared attributes of two or
more cortically encoded patterns are connected by neural links to a “centrally
located representation” (CLR) that serves to abstract and index their defin-
ing features. In this sense, hashing is a form of cortical taxonomy, because it
creates higher-level categorical groupings that associate phenomena that are

perceptually and cognitively similar in certain respects.

The phenomenon of one-way binary branching, while intrinsic to biological
speciation, is difficult to apply to population memetics (as a proxy for a
memetic taxonomy). While cladistic taxonomy takes as a cardinal principle
the notion of strict hierarchic inclusion — the “perfect nesting” of monophyly
(Dawkins, 2006, p. 367) — a taxonomy of culture must account for the hy-
bridising interaction between members of different lineages, a phenomenon
arguably applicable to several of the levels at which nature-culture align-
ments are hypothesised to exist. Hybridisation is evident, for instance, in
the Galant schemata with which Gjerdingen (1988, 2007a) is concerned. The
variety of changing-note patterns replicated by composers in the eighteenth
century were presumably not the result of successive branchings in a lineage
that began with a single primary schema; rather, they are more likely to
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have resulted from the intermixing (hybridisation) of initial and terminal

schema-events from several coexistent schemata (Jan, 2013).

3.6.5 Distinguishing Homologies from Homoplasies in Music-
Cultural Evolution

Having argued in §3.6.4 that m(us)emes are the most tractable units with
which to construct cultural taxonomies, it is instructive to attempt to apply
to them the three categories outlined in §1.7.2 used to organise biological
similarities — namely, homoplasy, ancestral homology, and derived homo-
logy (page 50). To review these briefly, a homoplasy is “a character shared
between two or more species that was not present in their common ancestor”
(Ridley, 2004, pp. 427-428, 480), most often resulting from convergent evolu-
tion arising “when the same selection pressure has operated in two lineages”
(2004, p. 429); an ancestral homology is “present in the common ancestor
of the group of species under study” (2004, p. 431) and “found in some but
not all of the descendants of the common ancestor” (2004, p. 480); and a
derived homology “evolved after the common ancestor, within the group of
species under study” (2004, p. 431) and is “found in all the descendants of
the common ancestor” (2004, p. 480).

Like the palaeontologist with his or her fossil record, the musicologist has
at his or her disposal the phemotypic forms of musemes, preserved as not-
ated and recorded music. As with the fossil record, however, this account
is incomplete; but whereas the palaeontologist can see slow-moving biolo-
gical evolution reflected in exposed rock strata and build taxonomic trees
from them (and from molecular-biological evidence), the speed of cultural
evolution is so rapid, and the number of interacting individuals sustaining
it so large and diverse, that only a comprehensive sequential account of all
the interactions among all participants in a dialect over a given segment of
geography and/or chronology can securely establish chains of museme trans-
mission and, therefore, trees of cultural evolution. This constraint suggests
that, while not impossible, developing musemic taxonomies will be difficult
and time-consuming. As §6.1 and §7.5.3 suggest, computer technology may
well expedite such research.
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I consider here how homologies might be distinguished from homoplasies
at the level of the museme, extending the discussion in Chapter 1 apropos
Figure 1.1. One fundamental issue here is that biological phylogenies take
account of both morphology and molecules, which, in cultural phylogenies,
equate to structure and musemes, respectively.’®® This would imply an
approach that attempts to identify different structural loci (analogous to
morphology in biological classification), and the various museme alleles
that instantiate those loci (analogous to molecules in biological classification)
(§3.5.2). In this sense, one is recuperating the taxonomy of formal-structural

types (8§3.6.2) under the aegis of an ostensibly museme-level perspective.

Ridley lists three principal criteria by which homologies can be distinguished
from homoplasies in biological evolution (2004, p. 430), and I list them
here in order that inferences on the treatment of cultural homologies versus
homoplasies might be made:

Structural Similarity: homologies have the same fundamental structure, not merely
surface similarity. Bird and bat wings look superficially similar, but are struc-
turally quite different, and are in fact homoplasious (Ridley, 2004, p. 428, Fig.
15.3).

Relations to Surrounding Characters: homologous features are usually related to
surrounding structures, such as a given bone to its surrounding bones, in
broadly similar ways.

Embryonic Development: homologies normally follow similar lines of embryonic
development; similar adult characteristics arrived at by different embryological

routes tend to be homoplasies.

How might these three criteria be applied in cases of similarity between
musemes and between musemeplexes, in order to distinguish cultural homo-
logies (ancestral and derived) from cultural homoplasies? Table 3.4 attempts
to rework for application to musical contexts the criteria for these phenomena
in biology just listed; and Figures 3.13a-3.13f provide candidate musical ex-

130 The first elements of these pairs misalign the “Genetic-Structural” level five and the
“Memetic-Cultural” level four of Table 1.4; and the second elements are aligned at the Ge-
netic/Memetic-Structural level seven. See also §4.3.1 for a related issue.
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amples (taken mainly from the Viennese classical repertoire) of homoplasies

and homologies.'?

1

Criterion Homoplasy Ancestral Derived Homology
Homology

(i) Foreground-level (1) Foreground-level (li)tf}? r:ﬂ?ﬁrrlftlleﬁl
itch similarit pitch similarity with ger inned b, };i ni-

P Y some middleground- i y 18
not supported by 2 ficant middleground-

. level similarity or O
middleground-level . level similarity;
Structural similarity; and/or vice versa; and/or and/or (ii) signi-
Similarit (ii) few rhythmic re- (1) some rhythmic ic re-
y ew rhythmic re ’ icant rhythmic re
semblances; and/or resemblances; semblances; and/or
(iii) few co;ltextual/ and/or (iii) some (iii) si,gniﬁcant

. . contextual /poietic -

poietic connections contextual/p01et1c

(Figure 3.13a).

connections (Figure
3.13b).

connections (Figure
3.13¢).

Relations to
Surrounding
Characters

No or limited in-
stantiation of a
virtual musemeplex
(after the distinction
on page 202) and
(thus) no or limited
instantiation of a
musemesatz (Figure
3.13d).”*2

Some instantiation
of a virtual mus-
emeplex or limited
instantiation of a
real musemeplex
and (thus) some
instantiation of a
musemesatz (Figure
3.13e).

Significant  instan-
tiation of a virtual
musemeplex or of
a real musemeplex
and (thus) signific-
ant instantiation of a
musemesatz.'®

Embryonic
Develop-
ment

No evidence of
derivation from ante-
cedent musemes in
a composer’s sketch
materials or other
poietic documents.

Some evidence of
derivation from ante-
cedent musemes in
a composer’s sketch
materials or other
poietic documents.

Strong evidence of
derivation from ante-
cedent musemes in
a composer’s sketch
materials or other
poietic documents.

Table 3.4: Criteria for Distinguishing Between Musemic Homoplasies and

Homologies.

131 Tt must be stressed that the criteria advanced in Table 3.4 are not hard-and-fast, and there are
therefore many potential uncertainties. Moreover, examples are not given for the three categories
of the Embryonic Development criterion, partly owing to space-constraints on presenting such
evidence, and partly owing to the more fundamental issue — a challenge to this criterion in
the case of its application to culture — that absence of evidence does not constitute evidence of

absence.

132 Recall that a real musemeplex arises from the re-assembly of (more or less) the same
museme-sequence; and that a virtual musemeplex arises from the re-assembly of the same
museme-allele-sequence.

133 On account of this RHSGAP, this category overlaps, at a higher structural-hierarchic level,
with “structural similarity/derived homology”.
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(a) Structural Similarity: Homoplasy. J. S. Bach: Das wohltemperirte Clavier Book II
(c. 1740), Praeludium V, BWV. 874, bb. 1-2 (upper); Mozart: Symphony no. 41 in C
major K. 551 (“Jupiter”) (1788), II, bb. 28-29 (lower).
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(b) Structural Similarity: Ancestral Homology. Haydn: String Quartet in C major op.
76 no. 3 (“Emperor”) (1797), 11, bb. 12-14 (upper); Beethoven: Piano Concerto no. 4
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